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THE DRY CONCENTRATION OF ORES. 

By Prof. J. S. NEWBERRY. 

The concentration of ores has always been recognized as a 
most important element in the economy of mining ; the pro- 
ductiveness and value of many properties being entirely de- 
pendent upon its successful accomplishment. After hand- 
picking and hand-dressing (cobbing) the separation of the ore 
from the gangue is in most instances accomplished by the aid 
of water ; indeed it is generally believed, and not unfrequently 
asserted, that the concentration of ores without water is not 
economically practicable, and that what is called dry concen- 
tration is a failure. 

In the great mineral belt of the West there is a general de- 
ficiency of water, and over large areas, rich in minerals, there 
is so little as to be quite inadequate for wet concentration. 
Hence the want of some good method of concentrating ores 
without water is widely felt in this region, and it has been a 
matter of great regret that the methods of dry concentration 
hitherto tried have so generally failed. As a consequence of 
this, faith in the system has been lost, and in some instances 
also all hope of utilizing ore deposits which, with water for 
concentration, would be highly valued. 

The object of this paper is to show that, contrary to the 
general belief, the dry concentration of ores is not only often 
I 
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2 THE QUARTERLY. 

practicable where water is wanting, but that it may be in many 
instances profitably adopted even where water is abundant. 
A knowledge of the facts which pwove this may be of value to 
mine owners and mining engineers, and they are briefly given 
below. 

DRY CONCENTRATING IN DRY REGIONS. 

In a broad belt of country running across our territory 
and through Mexico the rainfall is only from two to twelve 
inches per annum, and the want of water is felt in many ways. 
In this region, which embraces parts of Oregon, Idaho, Mon- 
tana, Utah, Nevada, California, Arizona, and New Mexico, 
there are many mines of which the ores need concentrating 
and yet there is not sufficient water for the purpose. Here 
various efforts have been made to concentrate ores without 
water, but such efforts have for the most part been failures, 
because the system adopted was either ineffective or too expen- 
sive. Yet that certain kinds of ores, viz. , those easily crushed 
and in which the difference in gravity between the ore and 
gangue is considerable, can be economically treated without 
the use of water is demonstrated by the success of a system of 
dry concentration which has been now in operation for a year 
and a half at the Carbonate Mine at Frisco, Utah. This is a 
conglomerate mine in which a large and well-defined fissure, of 
which both the walls are trachyte, is filled in with boulders and 
pebbles of various kinds of rock ; the interstices between these 
boulders being occupied with clay and argentiferous galena. 
The pebbles and boulders are for the most part trachyte and 
porphyry which have been kaolinized and softened so that they 
may be generally broken in the hand. As a consequence the 
entire filling of the vein is easily crushed into clay and pow- 
dered galena. The difference in the specific gravity of these 
materials is great, and they are readily reduced to particles of 
nearly uniform size. This is effected by passing the ore 
through rolls and sieves, and from these it goes through a 
series of concentrates which are constructed on the plan of 
Paddock's patent, slightly modified by Mr. C. D. Bigelow, 
the President of the Company. The process and the machin- 
ery employed at the Carbonate Mine has been described in 
detail in the article on Dry Concentration at Frisco, Utah, by 
H. V. F. Furman, in the January number of the QUARTERLY 
(Vol. III., p. 127), and it is therefore not necessary that I 
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THE DRY CONCENTRATION OF ORES 3 

should here make any further reference to it, except to say 
that the Carbonate Mine was purchased on my report, I am 
one of the stockholders, and have been intimately familiar with 
the working of the mine and the concentrator from the begin 
ning, and that the success of the system has been fully con - 
firmed by our experience to the present date. 

The concentrator during all the time it has been in opera- 
tion has done its work regularly without accident or noticeable 
wear to the machinery, and its efficiency has been, by various 
devices of Mr. Bigelow, greatly increased since the time Mr. * 
Furman's report was written. To ensure rapidity and cheap- 
ness of concentration by this method the ore should be easily 
crushed and show considerable difference of specific gravity 
between the metalliferous and barren portions. But the 
number of mines which furnish ore of this kind is large, as it 
includes most of those in which the chief ore is argentiferous 
galena. 

DRY CONCENTRATIONS WHERE WATER IS ABUNDANT. 

The separation of ores by the agency of water is so exten- 
sively practised and so often economical and effective, that it 
would at first sight seem impossible to substitute air for water 
with profit where the latter is abundant. But facts which have 
recently come under my observation, both in the successful 
treatment of ores in a large way, and in various laboratory ex- 
periments, have shown me that a method of dry concentration 
may sometimes be profitably substituted for a wet process, 
even where every facility for the latter is present ; and I am 
confident that the recognition of this fact and the adoption of 
methods for utilizing it would add very largely to the annual 
production of the precious metals. 

Where the gangue is quartzose and the ore is soft or brittle, 
it frequently happens that by the methods of crushing adopted 
much of the latter is reduced to an impalpable powder, while 
the quartz is left in larger grains. In these cases if the process 
of crushing is carried sufficiently far to pass the ground quartz 
through a forty- or sixty-mesh sieve, the ore will be ground so 
fine that much of it will be carried away and lost by water, if 
this is used for concentration. 

No better evidence of the truth of this statement could be 
offered than the experience of the Messrs. Crooke, at Lake 
City, Colorado. They have been, for several years, working 
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4 THE QUARTERLY. 

the Ute and Ulay mines, where they have an immense flow of 
water and a fall which supplies them abundant motive power. 
Their mines are located on fissure veins, of which the gangue 
is quartz, the ore galena, gray copper, and blende. 

In their earlier operations a system of wet concentration 
was introduced at large cost, but it was found that the gray 
copper, which is the richest in silver, was reduced to so fine a 
powder that much of it was washed away, causing a great and 
inevitable loss. So, after a series of trials by Mr. J. J. Crooke, 
a man of large experience and great ingenuity, the system of 
wet concentration was abandoned and the dry method substi- 
tuted. This is his own invention, and has now been in prac- 
tical and successful operation for several years. It is briefly as 
follows : The ore comihg from the mine is first passed through 
a Blake's crusher, where it is reduced to fragments as large as 
peas or nuts. It is then passed through rolls about two feet 
in diameter and two feet face, the latter composed of soft steel. 
From these rolls the ore passes into a conical revolving sieve, 
of which the meshes are twelve to the inch ; the material which 
passes this sieve enters another below, which has meshes that 
are fifty to the inch. Nearly all the valuable part of the ore 
passes this sieve almost free from gangue, and it goes thence 
immediately to the furnace. The screenings pass through a 
simple Cornish jig, by which, at almost no cost, the residual ore 
is so far extracted that the tailings contain not more than the 
value of twenty-five cents to the ton. The important points 
in this method of Mr. Crooke are two, first, the crushing of a 
quartzose ore between soft steel rolls. When examined, the 
faces of these rolls are seen to be rough and pitted, and it would 
seem that they must be very rapidly abraded, but in fact the 
grains of quartz so imbed themselves in the soft steel that the 
rolls are constantly furnished with a mineral surface which 
takes the wear. Thus their deterioration becomes insignificant. 
At intervals of some months it becomes necessary to take them 
out and turn off* perhaps one-sixteenth of an inch of the surface. 
The Messrs. Crooke have had much experience in the use of 
rolls in their New York establishment for rolling foils, and the 
ingenuity and skill which has made their works in this city so 
extensive and successful is seen in these soft steel rolls. 

The other important element in this method of concentrat- 
ing is the cheap removal by sifting of the fine and valuable 
from the coarse and worthless portions of the ore. This is 
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done in a tightly boarded shaft, as the resulting powder would 
from its fineness be largely carried off by the wind if not 
closely confined. It will be readily conceived, as was abun- 
dantly proved in Mr. Crooke's experiments, that this fine 
powder which cannot safely be trusted to currents of air 
would be hopelessly lost in currents of water. 

The method of dry concentrating devised by Mr. Crooke 
is as cheap as it is effective, and it is unquestionably of wide 
application. All silver and copper ores which have a quartz 
gangue can be to a more or less perfect degree separated by 
simple sifting after crushing. The ore being so much softer 
than the gangue is reduced to a fine powder, while most of 
the quartz is left in grains of much larger dimensions. So, 
gossan ores of gold, silver, and lead. In which the gangue is 
highly silicious, can usually be greatly enriched by simple 
sifting, the quartz grains being removed, leaving the carbo- 
nate or sulphate of lead, and chloride of silver and the oxide 
of iron resulting from the decomposition of pyrites with its 
gold in a comparatively fine powder. Among the ores of this 
sort which can be greatly enriched if not thoroughly concen- 
trated by this process may be mentioned those of the mines in 
Bingham, the Green Eyed Monster, and other mines at Mary's 
Vale, Utah, and some of those at Leadville. 



TREATMENT OF ENARGITE. 

By T. EGLESTON, Ph.D. 

The fact that enargite is found in considerable quantities 
in the West, gives special interest to any process which has 
been used for the extraction of the copper from it. It is ex- 
tremely doubtful whether a high grade copper, even with the 
best modern processes, can be made out of material so impure, 
but a commercial copper can be. If a very large quantity of 
sulphur can be added to it in the shape of pyrites during the 
. process, the presence of this sulphur is favorable to the separa- 
tion of the arsenic. In all the processes where impure copper 
ores are to be treated, a merchantable metal can only be had 
on this condition of having sulphur in very great excess, which 
can be added in the course of the process, so as to remove 
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the arsenic and antimony as volatile sulphides. The process 
for the treatment of these ores, as it was formerly carried on 
in the island of Luzon, although wasteful, is of the greatest in- 
terest, as showing that with a large amount of labor and a great 
consumption of fuel a merchantable article can be made from 
a very impure ore. This is owing mostly to the fact that a 
mixture of copper and iron pyrites containing six per cent, of 
copper is found in the immediate neighborhood of the enargite, 
which can be used in the course of the process. The analyses 
of an assay sample of the ore as it is found at Luzon, and of 
the mineral carefully freed from all gangue from two of the 
American localities, are given below : 

Luzon. Morning Star. Willis Gulch. 

Copper 20 45-95 46.64 

Sulphur 16 31.66 30.95 

Arsenic 9 13.70 17.46 

Iron and Antimony 2 6.75 2.37 

Insoluble 53 i .08 i .98 

100 99.14 99.40 

Subtracting the gangue, which at Luzon is quartz, the three 
samples have about the same composition. Enargite not un- 
frequently, as at Luzon, contains considerable silver, which 
when in paying quantities gives additional interest to the 
question of its treatment. 

The process consists of five operations, which in the simple 
statement are not unlike the treatment of the copper ores of the 
eastern part of the United States. These processes are as fol- 
lows : 

First. — Roasting the ore in piles, stalls, or furnaces with the 
addition of pyrites. 

Second. — Fusion of the roasted ore in a low furnace for 
mattes. 

Third. — Roasting this matte, and that produced in the 
black copper fusion, in stalls with from seven to ten fires. 

Fourth. — Fusion for black copper. 

Fifth. — Fining and refining. 

I. ROASTING THE ORE. 
The large pieces of the ore as they come from the mine are 
mixed with copper pyrites, contained in a gangue of iron pyrites 
which averages about six per cent, of copper, and is slowly 
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roasted in piles or in stalls with but little fuel. The fines are 
roasted in a reverberatory furnace with wood, the temperature 
being, in both cases, kept as low as possible, the object being 
to get rid of the arsenic and antimony, which in most cases 
would be hopeless, and is only possible in this case owing to the 
very large amount of sulphur present. The larger part of the 
arsenic is in this way converted into sulphide of arsenic, which 
at the temperature of the pile is quite volatile, and is driven off. 
In the first part of the process of roasting the proportion of sul- 
phur is so large that no crystals of arsenious acid are formed, 
but at the end of a month a thick crust of it forms on the out- 
side of the pile, which is carefully separated and thrown away. 
The roasting of the fines in a reverberatory furnace is necessary 
in order not to have too large a loss. It is conducted at a 
low temperature with wood, with a strong oxidizing flame, and 
with the addition of the fines of the copper pyrites. By ag- 
glomerating the charge slightly at the end of the operation it is 
put into a condition suitable for the shaft furnace. The larger 
part of the arsenic and antimony is driven off in the roasting, so 
that a moderately pure material is the result. 

2. FUSION OF THE ROASTED ORE FOR MATTES. 
The ore as it comes from the roasting contains about eighteen 
percent, of copper. It is treated in a shaft furnace 2.30 m. in 
height, with the addition of twenty per cent, of unroasted copper 
pyrites and fifty per cent, of rich slags from this fusion and from 
the fusion of black copper. The quartz contained in the ore 
is scorified by the oxide of iron produced in the roasting. 
The very large quantity of sulphur added in the pyrites causes 
the volatile sulphides to form, and also prevents the forma- 
tion of black copper in this fusion ; for if black copper was 
formed it would contain a very large amount both of arsenic 
and antimony. No speise is formed, notwithstanding the very 
, large amount of arsenic present, its formation being prevented 
by the great excess of sulphur. The furnace is so low that there 
is no danger of loupes being made by the reduction of the iron, 
but the temperature is high enough to form a moderately fusible 
slag. But little oxide of copper remains unreduced, the slags 
containing less than 0.5 per cent, in a state of combination, 
though as the slags are pasty, they contain a large amount of 
matte in grains, so that a large part of it has to be re-treated. 
The arsenic and antimonic acids are only reduced to arsenious 
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and antimonious acids, which form volatile compounds, and 
but a very small quantity is reduced to arsenic and antimony, 
which passes into the matte. The furnaces are blown with a 
hydraulic blowing engine at a feeble pressure. The matte 
produced contains from thirty to forty per cent, of copper. 

3. ROASTING THE MATTES. 
The mattes are broken into pieces about half the size of 
the hand, and are roasted in stalls with'from seven to ten fires. 
The temperature is kept very low to prevent the fusion of the 
mattes. After the fifth fire the rich thin mattes which come 
from the fusion for black copper are scattered through the pile 
in such a way as to be in too small quantity to fuse. 

4. FUSION OF THE ROASTED MATTE FOR BLACK COPPER. 

The roasted matte, when it has accumulated in sufficient 
quantities, is fused in the same furnace used in the operation 
No. 2, with the addition of thirty-five per cent, of scorias from 
the matte fusion. The operation is pushed as rapidly as pos- 
sible so as to produce the greatest amount of copper in a given 
time. The material is still impure, but by producing a very 
large amount of copper in a given time the impurities are scat- 
tered through a larger amount of copper. Special care is 
taken not to have an excess of oxide of carbon in the upper 
part of the furnace, in order to prevent the reduction of the 
sulphates and consequent formation of mattes. This reaction 
cannot be entirely prevented, and there is consequently always 
some small quantity of mattes produced, which form a thin bed 
on the black copper. This matte contains about sixty per 
cent, of copper, and is easily separated from the black copper 
by a blow of the hammer. It is roasted with the other mattes. 

When these coppers contain silver or gold in sufficient 
quantities to make it worth while to extract them, this can be 
done either by extracting them from the mattes, as is done in 
Freiberg, or from the black copper, as is done at Oker by an 
electrolytic method. Both of these methods are applicable, 
and can easily be applied with a very little loss in the separa- 
tion of the gold and silver. 

REFINING BLACK COPPER. 
The residues from the separation of the silver are refined in 
a reverberatory furnace and a good copper produced. 
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The refining of very impure black copper is a matter of great 
interest, as metal containing much arsenic would usually be 
entirely worthless. It may, however, be refined so as to make 
a material which can be used for coarser processes by allowing 
the pigs of black copper to remain for a very considerable length 
of time at a dull red heat in a reverberatory furnace. The time 
is usually twenty-four hours, when the charge is melted and 
tapped as usual. This process is repeated several times until a 
merchantable copper is produced. No sensible amount of ar- 
senic or antimony separates from the copper after it is melted. 
When, however, the pigs are kept for some time at a dull red 
heat in a neutral atmosphere, the arsenic and antimony will 
be volatilized and separated. When very little arsenic remains 
in the charge it is melted and skimmed, and a mixture, com- 
posed of one-fourth nitre and three -fourths lime, thoroughly 
mixed, is thrown into the furnace and incorporated with the 
metal. It is then poled for half an hour or so, if necessary, 
and again skimmed. If the test shows that the copper is not 
of proper quality this operation is repeated. The slags which 
are taken off are very rich and very impure and must be treated 
by themselves. The operation, if repeated very often, is ex- 
pensive, but it makes a merchantable article of a material that 
otherwise could not be used. When, however, the prelimi- 
nary roasting of the copper pigs has been properly done, most 
of the arsenic and antimony can be separated from the black 
copper, so that the addition of nitre and lime is very effective. 



SOME NOTES UPON THE BERLIN STADTBAHN. 

By J. A. NAVARRO, C.E., '8a 

The following notes may perhaps be of interest to some 
of the readers of The SCHOOL OF MINES QUARTERLY, especi- 
ally such as are interested in railroad construction. They have 
been mostly compiled from data given to me by Herr Regier- 
ungs Baumeister Barkhausen, himself connected with the road, 
as well as from notes taken by myself upon the spot last March, 
when the road was thrown open to the inspection of the profes- 
sors and students of the Royal Polytechnic School of Hanover. 

Mr. Barkhausen has furthermore been so kind as himself 
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to read over and correct my notes, so that they possess the 
value of reliability. 

The road known by this name and running through the city 
of Berlin was built for the fulfilment of three principal objects : 

First. — Local traffic, or the transportation of passengers 
from one side of the city to the other, as well as the connection 
of the towns bordering on the outskirts of Berlin. 

Second, — Connection of Berlin*s surroundings with the inner 
and central portion of the city, under which may be put the 
market traffic, excursion traffic, and the transportation of all 
business people who live in the outskirts of the city to and 
from their homes. 

Third, — The allowing of outside traffic trains to pass through 
the city, forming with the Ringbahn or road running around the 
periphery of the city an actual connection between different rail- 
road stations, so that in case of necessity a train coming to Berlin 
from any direction can be despatched with great promptness to 
any other part of the country. This is an advantage not to be 
underestimated, as in case of war soldiers and freight of all kinds 
can be transported without change of cars to and from any part 
of the empire, Berlin being the largest city and consequently 
the focus toward which all important railway lines converge. 

A glance at Plate I., showing the relative positions of the 
Stadt-, Ringbahn, and other railroads terminating in Berlin, 
will give an exact idea of their connections. 

The road runs from east to west through the city in a wind- 
ing course ; its length is 11.26 km. (6.99 miles), of which forty- 
two per cent, is in curves, the sharpest having a radius of 
280 metres (1,038 feet); the heaviest grade is i : 125, and 
extends over one-fifth the length of the road. At the west 
end the foundations lie in sandy soil, while at the east they 
are in great part built in the bed of the River Spree, because 
it was found cheaper to go to the expense of making beton 
foundations under water than to buy the ground where are 
existing buildings and to tear them down, notwithstanding 
that heavy damages had to be paid to the owners along the 
shore. On account of this lack of space for foundations at the 
Janowitz bridge, the walls and floor of the station are hung 
on iron girders which rest upon the piers of the viaduct work. 

The greater part of this viaduct construction is of different 
colored bricks, and the best example to illustrate it is perhaps 
that lying between Janowitz bridge and Holzmarktstrasse. 
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12 THE QUARTERLY. 

The large amount of arching so as to economize material is 
one of the leading features in the whole construction. 

Two stone bridges exist, one over the Spree at the point 
called Museums-insel which is oblique and in a curve. The 
vault construction of the bridge is however not oblique, but 
consists of a series of straight rings side by side ; and the 
bridge has two bow-arches 1 8 m. (57 feet) span each. Another 
stone bridge over the Landwehrkanal, also bow-arched, has a 
span of 24 m. (jy feet) ; besides which there are the following 
iron bridges and underways : a bridge over the Humboldt 
Harbor, five openings, about 30 m. (98 feet) span ; another 
over the Spree at Bellevue, three spans about 30 m. (98 feet) 
each. The latter bridge has four wrought-iron girders with 
parallel flanges and isosceles bracing, supported upon short 
struts having ball-and-socket joints, which in turn rest upon 
round masonry piers. The girders, although having the ap- 
pearance of being continuous, as they telescope into one 
another over the supports, are in reality not so, the telescop- 
ing giving them the character, however, of semi-continuous ; 
and no part of the bridge is fast except that lying on the left 
bank, all expansion due to temperature taking place toward 
the right bank. The idea of having only one girder for each 
way, under the middle of the road, is very peculiar, the road 
lying as it were balanced upon the girder. This was probably 
done to avoid having too many piers in the bed of the river, 
which is quite narrow at this point, and where, as a consequence, 
it was desirable to have as little obstruction as possible. There 
are, further, an overway over the Lehrter Railway, six simple 
and forty-four continuous plate-girders, each with two middle 
supports made of cast or wrought iron and having two mova- 
ble ball-and-socket joints, one near the bottorh of the pillar 
and another near the top, so as to allow the free expansion or 
contraction of the longitudinal girder resting upon them, which 
is continuous and fixed at one end. 

Also the following bow iron girder bridges : bridge at 
Schiffbauerdamm with a span of 50 m. (164 feet), bridge over 
the Kupfergraben and street, both with rigid abutment joints, 
and seven more bow girder bridges over streets and crossings 
using T or ± cross-section iron. 

The vault construction is filled with ballast and the tracks 
are not laid upon wooden cross-sleepers, but employ the Haar- 
mann longitudinal sleeper. This is made of iron, and although 



Digiti 



ized by Google 



SOME NOTES UPON THE BERLIN STADTBAHN. 13 

as a rule Haarmann employs no tie-rods, here in the Stadtbahn 
two are employed, one at each joint of the 9 m. (30 feet) long 
tracks and another at their middle, a cross-sleeper of 1 iron 
being laid at these points to prevent variations in the gauge. 

There are four ways, as there are two separate roads, one 
for external the other for local traffic ; the distance from mid- 
dle to middle of each way is 3.5 m. (i 1.48 ft.) ; from middle to 
middle of each road, 7.5 m (24.6 ft.). 

The trains are pulled by locomotives weighing 41, coo kg. 
(40.2 English tons), and are fitted with the Smith-Haardy 
vacuum brake. 

As regards its management the traffic is divided into two 
kinds, local and ex,ternal ; the first consists of trains for pas- 
sengers only, running from one side of the city to the other, 
as well as over the north and south half of the Ringbahn, 
there being two different traffics, so to say — the north and the 
south ring traffic. These so-called local trains stop at all sta- 
tions. The second, or external traffic, is for trains passing 
through Berlin en route for another city ; or for trains terminat- 
ing their run at Berlin (the greater number), but which do not 
permanently stop until they have passed from one side of the 
city to the other ; that is, if coming from the west the end 
of their run is at the eastern station, affording opportunity to 
each passenger of getting out at that especial portion of the 
city to which he wishes to go. These external traffic trains stop 
only at stations where provision has been made for the dispo- 
sition of baggage, and are marked in the following table with 
an asterisk. 

The end stations are, at the east end the *Schlesische Sta- 
tion, and at the west end the *Charlottenburg Station. The 
stations between, with their respective distances from the east- 
ern terminus, are as follows : 

Kilometers. Miles. 

Janowitz Bridge 1. 18 (0.63) 

♦Alexander platz 2.18 (i-3S) 

Borse 2.86 (1.8) 

♦Friedrich St 3.97 (2.4 ) 

Lehrter Station 5.41 (3-35) 

Bellevue. 

^Zoological Garden 9.00 (5-58) 

This last station is not yet used for external traffic, but it 
has the necessary arrangements, and later on will be used. 
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To effect the combination of both traffics without creating 
confusion the stations are ingeniously contrived, and we will 
take as a model the Friedrich Strasse Station, which has some 
points worthy of remark. It is built in a curve, the sides 
being arcs of circles, with different radii. In order to avoid 
the tilting of the girders by the expansion and contraction of 
a metallic ridge-beam, wood was employed instead. There are 
but two platforms, or perrons^ one for the external and another 
for the local traffic, without regard to the direction of travel, 
these perrons lying between the ways. Proper signals are 
put up, showing upon the arrival of a train where it is going 
to and in what direction, so as to render mistakes in taking the 
wrong train as difficult as possible. The inlets and outlets to 
and from the cars are quite separate and distinct from each 
other, so that a choking up by a crowd is impossible. 

The tickets vary in price, according to the distance to be 
travelled, and in order to control this, and prevent a person 
with a low price ticket from travelling farther than he ought, 
a ticket controller is stationed at each inlet and outlet. In 
coming in you show your ticket and it is punched, and in 
going out you deliver it up to another man, who, by means of 
the initials printed on the ticket, at once knows whether you 
are getting off at the right station. 

They have second and third class wagons running on the 
local trains, an arrangement which in the United States would 
hardly be deemed necessary, but we must remember that 
here money is not so abundant, and therefore arrangements 
adapted to the means of every one must be made. In the ex- 
ternal traffic there are first, second, third, and fourth class 
wagons. In the first class there is room for six in each com- 
partment, and good cushions covered with velvet ; second class, 
eight persons may sit in a compartment, there are also com- 
fortable cushions ; third class, ten may sit in a compartment, 
and there are no cushions, only boards ; fourth class, the wagon 
is without compartments, with seats only on the sides, and 
when those are full all that come afterward have to stand up. 
This arrangement is not only followed out in the Stadtbahn, 
but also in most German railroads as well. Notwithstanding 
that the Stadtbahn is but seven miles long, it has cost, to put 
it into its present condition, sixty-five millions of marks, about 
$16,250,000, of which about one-third was expended in merely 
the acquisition of the real estate. 
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ON NITROGLYCERINE. 

By ARTHUR H. ELLIOTT, Ph.B., F.C.S. 

Some time since, while experimenting with nitroglycerine, 
I had to make a number of experiments upon the action of 
various solvents, and since the results so obtained are not to 
be found in any of the books of reference, or at least only in 
imperfect and fragmentary cases, I believe the facts given be- 
low will prove of service to those requiring this kind of infor- 
mation. A few other experiments are added at the close of 
the paper, with the hope that they also may prove of service to 
those chemists working upon the subject of explosives. 

The nitroglycerine used in these experiments was made in 
the usual manner by pouring glycerine of a specific gravity of 
1.24 into a mixture of the strongest nitric and sulphuric acids. 
It was thoroughly washed, then treated with weak solution of 
sodic carbonate to insure the absence of all free acids, and 
finally washed with plenty of water and dried with filter paper. 
The oil so obtained was treated with the following solvents. 
By cold it is understood to be at the ordinary atmospheric 
temperatures, and hot refers to a temperature obtained in a 
test-tube placed in a boiling copper water-bath. 

Solvent, Cold, Hot. 

Water Insoluble. Slightly soluble. 

Absolute alcohol Soluble. Soluble. 

93 per cent, alcohol Soluble. Soluble. 

80 per cent, alcohol Slowly soluble. Soluble. 

50 per cent, alcohol Insoluble. Slightly soluble. 

Ether. Soluble. Soluble. 

Chloroform Soluble. Soluble. 

Benzole Soluble. Soluble. 

Carbon disulphide Insoluble. Partly acted on. 

Cone, sulphuric acid Soluble. Soluble. 

Glacial acetic acid Soluble. Soluble. 

Turpentine Insoluble. Soluble. 

Wood Naphtha Soluble. Soluble. 

Amylic alcohol Soluble. Soluble. 

Carbolic acid Soluble. Soluble. 

Nitrobenzol Soluble. Soluble. 

Toluol Soluble. Soluble. 

Petroleum naphtha (71-76'' B'e) Insoluble. Insoluble. 

Astral oil Insoluble. Insoluble. 
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1 6 THE QUARTERLY. 

Solvent. Cold. Hot. 

Mineral sperm Insoluble. Insoluble . 

Olive oil Soluble. Soluble. 

Sperm oil Soluble. Soluble. 

Potassic hydrate sol., i in lo Insoluble. Insoluble. 

Ammonic hydrate, .98 sp. gr Insoluble. Insoluble, slightly 

acted on. 

Nitric acid, 1.4 sp. gr Slowly soluble. Soluble. 

Hydrochloric acid, 1.2 sp. gr Insoluble, slowly Slowly soluble. 

decomposed 

Stannous chloride, sol Slight action. Acted on. 

Ferrous sulphate, sol Slight action. Acted on. 

Ammonic sulphhydrate Insoluble, sulphur Decomposed. 

slowly separates. 

Ferrous chloride, 1.4 grm. Fe in loc.c. . . Slowly acted on. Decomposed. 

Borax, 5 per cent, sol Insoluble. Insoluble. 

Acetic ether Soluble. Soluble. 

Acetone Soluble. Soluble. 

Glycerine Insoluble. Insoluble. 

In the case of turpentine among the above h'st of solvents, 
the nitroglycerine in the cold mixes intimately with the hydro- 
carbon when shaken, and separates slowly again without dis- 
solving to any appreciable extent. 

Nitroglycerine was shaken up with absolute alcohol until 
the latter was saturated, and some of the oil remained insolu- 
ble. Ten cubic centimetres of this solution were now evap- 
orated rapidly on a water-bath and gave 3.242 grm. of nitro- 
glycerine, hence absolute alcohol takes into solution 32.42 per 
cent, of the oil ; but this figure is a little too low, because it is 
impossible to heat nitroglycerine to a temperature near the 
boiling point of water without some of it evaporating, 

ON THE REDUCTION OF NITROGLYCERINE WITH AMMONIC 
SULPHHYDRATE. 

Two quantities, 3.847 and 3.758 grms., of nitroglycerine 
were each dissolved in twenty-five cubic centimetres of abso- 
lute alcohol ; and each was treated with about fifty cubic centi- 
metres of ammonic sulphhydrate solution (made by saturating 
ammonic hydrate, sp. gr. .98, with sulphuretted hydrogen). 
The solutions became hot, dark colored, and sulphur separated 
which dissolved again when more ammonic sulphhydrate was 
added, much ammonia being given off during the action. The 
solutions were now evaporated to dryness to expel the excess 
of ammonia and ammonic sulphhydrate. The residue contain- 
ing separated sulphur was treated with water, the solution fil- 
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tered, and the residue washed with water. The filtered sohi- 
tion and washings were now evaporated until the weight was 
constant. The glycerine so obtained weighed 1.552 and 1.540 
grm., which is equal to 40.34 and 40.97 per cent, on the nitro- 
glycerine taken, while the theoretical figures are 40,52 per cent. 
of glycerine given from nitroglycerine. Amnionic sulph- 
hydrate, therefore, reduces nitroglycerine and gives practically 
the theoretical quantity of glycerine. 



ON NITROSACCHAROSE. 

By ARTHUR ELLIOTT, Ph.B., F.C.S. 

This curious body has already been investigated by Sobrero 
in 1847,* Schoenbein,' Ad. & W. Knop,* and others; and no 
definite conclusions as to its constitution appear to have been 
brought out by their labors. Having to make some experi- 
ments upon this body, I thought it would not be uninteresting 
to give an account of some results which I obtained in the 
course of my work. These experiments include the action of 
a number of solvents, the action of ammonium sulphhydrate, 
and also the action of a strong solution of ferrous chloride. 

In the preparation of nitrosaccharose, pure crystals of cane- 
sugar were used and reduced to a powder fine enough to pass 
through a sieve with 100 holes to the inch, after which it was 
dried in a water-bath. A number of methods were used to 
nitrate the sugar, and a brief description of these may prove 
useful. In the first case the following method was used : 50 
grms. of sulphuric acid (sp. gr. 1.84) and 25 grms. of nitric 
acid (sp. gr. 1.53) were mixed together and the mixture cooled 
to 15° C; 25 grms, of the finely powdered sugar were now 
slowly stirred into the acid mixture, the temperature rose to 
30° C, the mixture being constantly stirred for fifteen minutes. 
The clot thus formed was thrown into cold water (about i litre) 
and the acid mixture was also added. The nitrosaccharose 
thus formed was collected together into one mass, and after 

' Comptes Rendus, Vol. 24, p. 247. 

* Pogg. Ann., Vol. 70, p. 100. 

5 Jour, fiir prak. Chem., Vol. 56, p. 334. 
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washing and squeezing in plenty of cold water it weighed 24.4 
grms. 

The material thus obtained was a soft, silky looking, wax- 
like body, plastic and adhering to the fingers when removed 
from water. At 30° C. it is soft enough to flow like melted 
pitch* It could not be washed free from acid. When heated 
on a water-bath it melted and began to decompose, giving off 
red fumes. An attempt was made to neutralize it with potas- 
sic carbonate, but the action was very energetic and most of 
the material dissolved in water. 

Another lot of nitrosaccharose was made, using 25 grms. 
of sugar, 400 grms. of sulphuric acid (sp. gr. 1.84), and 150 
grms. of nitric acid (sp. gr. 1.53), following the same method 
of adding the sugar as mentioned before. The mixture had a 
temperature of 15° C. before adding the sugar, and rose 10° C. 
during the experiment. In this case the acid mixture contain- 
ing the clot of nitrosaccharose was poured into cold water and 
the mixture of acids and water became so hot that red fumes 
were evolved. The resulting mass, after washing and squeez- 
ing, weighed only 22 grms. The mass was melted on a water- 
bath under water, and while in this condition potassium car- 
bonate was added and the whole well stirred. It was then 
washed from excess of alkalies and allowed to stand in water 
several days, changing the water daily. After a time it began 
to give an acid reaction, showing decomposition. It was 
washed with a little alcohol and allowed to dry. 

A third lot of nitrosaccharose was made, using the same 
acids and sugar in the following proportions : sugar, 22 grms. ; 
sulphuric acid, 176 grms. ; nitric acid, 66 grms. The sugar 
was added as usual, and the resulting mixture was poured into 
water in small portions, cooling the water after each addition. 
The nitrosaccharose thus obtained, after washing and squeez- 
ing, weighed 27 grms. It was washed with water and a weak 
solution of potassic carbonate. 

The rest of the treatment was exactly like that followed in 
the second case. 

Yet another quantity of nitrosaccharose was made, using a 
large quantity of sugar. Eight hundred grms. of sulphuric acid 
(sp. gr. 1.84), and 300 grms. of nitric acid (sp.gr. 1.53), were 
used with 95 grms. of sugar. When half the sugar had been 
added to the acid mixture, the whole was cooled, the rest of 
the sugar added, and the completed mixture allowed to stand 
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one hour with frequent stirring. The acids were now poured 
off from the nitrosaccharose, and the latter, when washed and 
kneaded thoroughly with water, weighed 135 grms. When 
the mass was first removed from the acid mixture it had the 
consistence of soft butter, but as the washing and squeezing 
progressed it became more and more resinous and white. A 
further kneading in water hot enough to bear the hand in it, 
using two lots of about one litre each, and finally in water con- 
taining one per cent, of potassic carbonate, reduced the well- 
squeezed mass to 109 grms. 

This last method appears to give the best result in the 
matter of washing, but the material slowly decomposes, the 
water in which it is kept becomes acid and smells faintly of 
hydrocyanic acid. Nevertheless, the nitrosaccharose made by 
either of the methods changes so slowly that I have kept it 
under water for over a year without any great change in ap- 
pearance or bulk, beyond the acid reactiorf mentioned above. 

Action of Solvents on Nitrosaccharose, — The following sol- 
vents were used upon nitrosaccharose, both at ordinary tem- 
perature and also by heating in a water-bath : 



SohfCHts, Cold, Hot. 

Water Soluble. Soluble. 

Absolute alcohol Soluble. Soluble. 

Alcohol, 93 per cent. — Same as absolute. 

Alcohol, 80 per cent. Slowly soluble. Soluble. 

Alcohol, 50 per cent Insoluble. Soluble. 

Ether Soluble. Soluble. 

Chloroform Soluble. Soluble. 

Benzole Insoluble. Slowly soluble. 

Carbon disulphide Insoluble. Insoluble. 

Sulphuric acid (sp. gr. 1.84) Soluble. Soluble. 

Acetic acid (glacial) Soluble. Soluble. 

Turpentine Insoluble. Insoluble. 

Wood naphtha Soluble. Soluble. 

Amylic alcohol Partly soluble. Soluble. 

Carbolic acid Partly soluble. Soluble. 

Nitrobenzole Soluble. Soluble. 

Toluol Insoluble. Partly soluble. 

Petroleum naphtha (7i°-76° B'e) Insoluble. Insoluble. 

Astral oil Insoluble. Insoluble. 

Mineral sperm .' Insoluble. Insoluble. 

Olive oil Insoluble. Soluble. 

Sperm oil Insoluble. Soluble. 

Potassic hydrate (i in 10) Insoluble. Partly soluble. 

Ammonia hydrate, .98 sp. gr Insoluble. Partly soluble. 

Nitric acid, 1.4 sp. gr .• Soluble. Soluble. 
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Solvents, Cold. Hot, 

Hydrochloric acid, 1.2 sp. gr Partly soluble. Slowly soluble. 

Stannous chloride, decomposes it. 
Ferrous sulphate, decomposes it. 
Ferrous chloride, decomposes it. 
Ammonia sulphhydrate, decomposes it. 

Borax (5 per cent, solution) Insoluble. lusoluble. 

Acetic ethtr Soluble. Soluble. 

Acetone Soluble. Soluble. 

Gl) cerine Insoluble. Soluble. 

Nitroglycerine Slowly soluble. Readily soluble. 

While trying the action of these solvents the following 
facts were noticed. When heated with water it decomposes as 
it dissolves. On heating with turpentine a slightly yellow 
fluid is obtained. Carbolic acid is reddened, both cold and 
hot. Toluol, both cold and hot, gives a red color. With 
olive oil mutual decomposition takes place on heating. Sperm 
oil acts like olive oiL Potassic hydrate gives a brown solution 
when heated. Ammonic hydrate, even in the cold, gives a 
yellowish-brown Color. Nitric acid decomposes it ; on heating 
giving red fumes. Hydrochloric acid, both cold and hot, 
decomposes nitrosaccharose. Stannous chloride is decom- 
posed, giving a white precipitate, even in the cold. Ferrous 
sulphate, also chloride, decomposes nitrosaccharose, even in 
the cold, giving brown precipitates. Amnionic sulphhydrate, 
both hot and cold, decomposes this body, giving a liver-col- 
ored solution, with separation of sulphur. 

Action of Ferrous Chloride upon Nitrosaccharose, — Solu- 
tion of ferrous chloride was prepared 10 c.c. of which con- 
tained 1.4 grm. of iron in the ferrous state. Nitrosaccharose 
was dissolved in 93 per cent, alcohol and the solution mixed 
with excess of the ferrous chloride solution mentioned above. 
After heating on a water-bath, excess of potassic hydrate was 
added, the solution filtered and the precipitate washed. Two 
samples of this solution were taken ; one was used to estimate 
glucose direct with Fehling's solution ; the other was heated 
with acid to invert the sugar, and then, after neutralizing, the 
glucose was determined as in the first case. They both gave 
11.7 per cent, of glucose on the original amount of nitrosaccha- 
rose taken, showing that, as might have been expected, heating 
with ferrous chloride solution inverts all the sugar in nitro- 
saccharose. This action should be compared with the redu- 
cing action of ammonic sulphhydrate mentioned farther on. It 
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should be mentioned here that the ferrous chloride contained 
no free acid, since it was made by adding a large excess of 
iron to hydrochloric acid and heating till action ceased, a large 
quantity of iron remaining undissolved which was left in the 
solution to keep it saturated. 

To determine the amount of oxidation produced by the ni- 
trosaccharose upon the ferrous chloride several experiments 
were made. In the first case the nitrosaccharose was treated 
with ferrous chloride and hydrochloric acid in an atmosphere 
of carbonic acid. The excess of ferrous chloride remaining 
after the action was determined with standard solution of potas- 
sic dichromate. .705 grm. of nitrosaccharose oxidized .583 grm. 
of iron, which is equal to 30.6 per cent, of NO, in nitrosaccha- 
rose. In another experiment the nitrosaccharose was dissolved 
in ether and the ether solution was shaken up with pure calcic 
carbonate. After filtering, the calcic carbonate was washed 
with ether and the filtrate and washings evaporated to dryness. 
The residue was washed with water and contained only a trace 
of calcic nitrate, hence nitrosaccharose contained little free 
acid. The water-washed residue was now dissolved in ether 
and treated with ferrous chloride solution and hydrochloric 
acid on a water-bath, the excess of ferrous salt being deter- 
mined with potassic dichromate as in previous experiment. 
.572 grm. of nitrosaccharose oxidized .645 grm. of iron, which 
is equal to 41.6 per cent, of NO, in nitrosaccharose. Another 
experiment, in which the treatment with calcic carbonate was 
omitted and the ether solution treated at once with ferrous 
chloride and hydrochloric acid, gave the following results : 
.563 grm. of nitrosaccharose oxidized .633^rm. of iron, which 
is equal to 41.3 per cent, of NO, in nitros^charose. 

From these experiments it appears that the body under 
consideration acts as a nitrate and contains but a very small 
quantity of free acid when thoroughly washed and squeezed. 
In treating with ferrous chloride direct without solution in 
ether, some of the nitrosaccharose is decomposed without oxi- 
dizing the iron solution. 

Action of Amnionic Sulphhydrate upon Nitrosaccharose, — 
For these experiments the nitrosaccharose was dissolved in 93 
per cent; alcohol and treated with ammonic sulphhydrate, which 
was made by saturating ammonic hydrate with sulphuretted 
hydrogen. In each case a weighed quantity of nitrosaccharose 
was dissolved in the alcohol, and a large excess of ammonic 
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sulphhydrate was added to the solution. The mixture was then 
placed on a water-bath and heated till a dry residue was left, 
which was treated with water, and filtered. The insoluble 
matter was examined and found to be sulphur. The solution 
was heated directly with Fehling's solution and gave only a 
trace of cuprous oxide, showing that the sugar had not been 
inverted during the reduction. This fact was established by 
several such experiments. Several experiments were now 
made by reducing the nitrosaccharose in alcoholic solution 
with ammonic sulphhydrate, as before stated, and then invert- 
ing the sugar by heating two hours with a little sulphuric acid. 
By this means the nitrosaccharose gave 28.4, 28.7, 26.5, 24.9 
per cent, of cane sugar. The first and second results are prob- 
ably correct, as the third and fourth results gave solutions 
which were colored, apparently from formation of caramel 
from over-heating. 

The acid solution obtained by pouring the mixture of sul- 
phuric and nitric acids, after treating the sugar, into water, 
was kept and a special examination was made for oxalic acid. 
For this purpose 50 c.c. of the diluted solution were neutral- 
ized with ammonic hydrate and solution of calcic chloride 
added. After a time a precipitate was formed which proved to 
be calcic sulphate, but no calcic oxalate could be detected in it. 

From a consideration of the foregoing experiments the fol- 
lowing conclusions may be drawn : Ferrous chloride in pres- 
ence of hydrochloric acid reduces nitrosaccharose and converts 
the cane sugar into glucose. Ammonic sulphhydrate reduces 
nitrosaccharose without inverting the cane sugar, or only to a 
very slight extent. And from its action with ferrous chloride 
nitrosaccharose is an organic nitrate of the same character as 
the cellulose nitrates and propenyl nitrate. 

From the experimental determination of the cane sugar 
and NO3 in nitrosaccharose, the following calculations appear 
interesting. If we take the average of the first and second 
determinations of cane sugar (28.4 and 28.7) we obtain 28.55 
per cent, cane sugar in nitrosaccharose reduced with ammonic 
sulphhydrate. The average of two determinations of NO, (41.6 
and 41.3) gives 41.45 percent, of NO, in nitrosaccharose. By 
dividing these average percentages by the molecular weights of 
cane sugar and NO, we find that the ratio of the molecules is 
as I of cane sugar to 8 of NO,. From these figures it would 
appear that nitrosaccharose is formed by replacing eight atoms 
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of hydrogen of the hydroxyl in cane sugar with eight molecules 
of the group NO,, giving the formula C,,H,^ (0N0,)„0,. This 
formula corresponds to the saccharose octacetate which has the 
formula C„H,XC,H,0,)eO„ and nitrosaccharose is probably an 
octanitrate ; and the above formula appears to be the true one, 
cane sugar having the formula C.H,(OH),0-0-0-(OH), 



NOTES ON RIVER AND HARBOR SURVEYS. 

By THOS. H. LEGGETT, E.M., '79. 

The starting-point in these, as in all trigonometrical sur- 
veys, is the location and careful measurement, usually by steel 
tape, of a base line, varying according to the size of the tri- 
angulation necessary, but seldom more than 8,000 feet in 
length. Upon this, the triangulation, the tidal relations, and 
the "establishment of the port," already fully treated in en- 
gineering works, it is not proposed to dwell, but rather to 
speak of some of the details of the field work, not, perhaps, 
so often discussed. 

If the triangulation has been carefully done, the sum of the 
angles in each triangle will not vary 05" from ^180°. An 
azimuth may generally be obtained by connection with a 
United States Coast Survey station, and, as a check on the 
work, angles should be taken from such pairs of stations as 
will give the best intersections to church spires, and prominent 
flag- or liberty-poles of the neighboring towns, which are 
always located by the Coast Survey. 

The stations should be located with an eye to their future 
use as sounding stations, and should the triangulation be ex- 
tensive, e.g",, covering a bay and following for some distance 
a tributary creek or river, a side of one of the last triangles 
should be measured as a second or '* check *' base. 

When the triangulation is completed, soundings are begun, 
and to refer these to a datum plane of mean low water, as well 
as for the ** establishment of the port," tidal observations, 
which should extend over at least one month, are neces- 
sary. 

To obtain these tide-gauges are used, and should be placed 
near the extremities of the ground to be sounded, the number 
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of intermediate ones being regulated by the configuration of 
the shore, or the windings of the river, though they are seldom 
placed more than two miles apart. 

Either the tide-staff, which requires an observer, or the 
self-registering gauge may be used. 

The former, generally boards 6 inches wide and 13 to 16 
feet long, with painted graduations to .01 foot, are carefully 
plumbed and nailed to a well-fixed pile of some convenient 
wharf or bridge. 

While soundings are taken, the observer must record the 
readings of the gauge every five minutes throughout the day, 
but for the simple registering of a high and the succeeding low 
water, necessary every twenty-four hours, five minute readings 
for an hour before and after *' slack water" are sufficient to 
guard against ** backing '* or other irregularities of the tide 
from high winds or storms. 

The state of the weather, the strength and direction of the 
wind, and the condition of the sky should be hourly noted. 

The self-registering gauges are run by clock-work, un- 
winding from a brass cylinder a roll of paper, against which, 
while still on the cylinder, rests a pencil-point that is connected 
by a string and pulley contrivance with a float in a case below. 



H 


^W._ 






A^ 










•0 








f\ 






d 








X 




f 


% 








\ 




J 


^ 












• y| 







V, 

5 










v 


/ 


y 






'2 










\ ^'^''^ 


/ 






1 


2 












\ 




L. 


M 






















... ^ 


w. 














"3 


q 
















« 1 














^ 

















J y. 



The paper, when unrolled, presents a curve such as that shown 
in Fig. I. The abscissas from the point at which the clock 
was started and the time noted represent time, the correspond- 
ing ordinates represent the rise and fall of the tide according to 
a given scale. 

The paper, as it unrolls, is pricked on the line -^ y at inter- 
vals of one hour, and tangents to the curve drawn parallel to 
this line give the times of high and low water. 

The clock must be wound every twenty-four hours, and at 
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such times it is well as a check, and in case of accident to the 
clock or the catching of the float in the box, to draw a line 
from the point at which the pencil is then against the paper, 
and note on it the date and time with the state of the weather, 
as at -^, Fig. I. The reading of the tide-staff which is placed 
alongside, not merely as essential for taking soundings, but 
from which it is necessary to establish bench marks, must also 
be recorded at this time in order that its zero line and the zero 
of the tide-gauge may be set so as to correspond. 

A line of levels must be run carefully between the tide- 
staff's in order to obtain the difference in height between their 
zeros, by which to correct the readings. Bench marks should 
be established at each one, referred at first to their zeros, 
afterward to the plane of mean low water, their location being 
fully described and sketched in the note-book for future use. 

The line of levels must often be run over salt meadows or 
marshy ground, and in order that it may check, as it should, 
within .02 foot, a party of four is necessary — two at the rod to 
check the readings and keep the level notes, and two at the in- 
strument, the leveller and his assistant, or " bubble-man." Very 
few sensitive levels, when on soft ground, remain in perfect ad- 
justment for ten consecutive seconds. Though the height of 
the centre of the telescope is practically unchanged, the instru- 
ment is thrown out of level. 

It is the *' bubble-man's" duty, standing with a finger of 
each hand laid lightly on either side of the levelling-screw 
plate and constantly watching the bubble-tube, to keep the 
telescope level by a light pressure on either side at the slight- 
est movement of the bubble from the middle. This is a very 
valuable assistance to correct levelling on marshy ground, and 
though the novice at first may cause the cross-hairs to 
"jump** tremendously, a steady hand is soon acquired. 

The usual precautions of equal fore- and back-sights, seldom 
exceeding fifty yards in length, are observed. 

For the location of the soundings either the method by sex- 
tant or by transit may be used. The latter, however, far from 
being impracticable, as some writers state it to be, is much 
more accurate, and preferable for taking close soundings on 
submerged rocks. With the sextant, the two angles included 
between three lines joining as many stations on shore with the 
sounding, are taken, constituting the well-known trilinear 
method. 
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It is slower than the transit method, since the boat must 
come to a full stop for every observation. The sounding is 
to be done in the same manner with either method. 

In using transits, the triangulation stations are occupied, 
the side of the triangle between the two observers being that 
from which the angles are read. Such stations are selected as 
will give good intersection angles .at the soundings, because 
when these are less than 30° accurate plotting is difficult; and 
occasionally it is necessary to locate special sounding-stations. 

Observations on the sounding-pole are generally taken 
every minute. But when a line is used, for which the boat 
must .come to a full stop, or when soundings are taken close 
together on a reef, half-minute and even third-minute observa- 
tions may be made, the observer having but this interval in 
which to read the angle and record it with the time, read it a 
second time as a check and unclamp the plates ready for the 
next sounding. Only when the boat is at a considerable dis- 
tance does the upper tangent-screw move the telescope rapidly 
enough to be of any service. The watches of the two observers 
are set to agree with that of the recorder of the soundings in 
the boat, and it is necessary to note the time at least every fifth 
sounding, so that if one is missed by either observer, the cor- 
responding angle, on comparing the two ** angle-books," can at 
once be calculated. The danger of such mistakes is the chief 
disadvantage of this method, since a passing boat or other ob- 
struction may cause an observer to lose a number of consecu- 
tive soundings. However, if the boat is kept well on the range 
set up for it on shore, and the other observer takes the angles 
regularly, the intersection of these lines will be sufficient to 
locate the soundings. At the end of each sounding line the 
observer must **test his zero,'* or sight on the other transit, 
and if the zeros of vernier and lower plate differ by more than 
20", he must note the reading. In platting the soundings 
this error is generally distributed over the latter half or three- 
fourths of the line. 

For depths of thirty-five feet and under, soundings are gen- 
erally taken with a pole shod with ten pounds of lead, painted 
white, and divided to tenths of a foot by black rings. For use 
in shallower depths the pole is jointed at the twenty-foot mark. 
The sounder, standing at the side of the boat, throws this pole 
every fifteen seconds at word from the recorder, and calls out 
the depth and character of the bottom. At every fourth or 
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minute sounding the recorder waves a white flag for five 
seconds to inform the transitmen that this is the sounding to 
be observed. The pole is kept vertical as long as possible in 
order to aid the transitmen. 

The boat is rowed at a uniform rate the whole length of the 
line, so that the intermediate soundings may be located by 
dividing the distance between the minute soundings into four 
equal parts. 

When a line is used, soundings can hardly be taken oftener 
than every half minute, and each one must be located by the 
transits, and the boat stopped, in order that the line which is 
sighted on may be directly over the lead. 

Any ordinary light rope, suitably marked, will answer, pro- 
viding it be well wet and tested every morning before use. 

In sounding on a submerged reef, where several hundred 
soundings are taken over a comparatively small area, it is ab- 
solutely necessary that the pole be held perfectly plumb at the 
time of flagging the sounding, as in many cases a shifting of 
the rod for but two feet to one side would show a verj^ marked 
difference in depth. 

Radial sounding lines from a central buoy on the reef 
should be run, or some such system adopted at the beginning, 
till the more prominent points of the rock are discovered, when 
these may be developed by promiscuous and closer soundings. 

In sounding across a bay or river, two sight-rods with 
white flags are put up on shore as a ** range " to enable the 
boatmen to keep the line straight. On starting a line, the 
sounding-pole is first placed at the high-water mark, in line 
with the two rods, and flagged. It is then put at the water's 
edge, and flagged the following minute. 

Then the boat is pushed off" shore a few yards and held on 
range, ready to start sounding with the next minute. On 
reaching the opposite shore, the water's edge and high-water 
mark are again located. 

The arrangement of the sounding-lines across a bay or river 
is a very important element in the appearance of the map when 
completed, and the pocket sextant will be found a great aid in 
producing a symmetrical result. For instance, if soundings 
are taken in a river, the lines are generally either run straight 
across, to do which the sextant, set at 90°, is all that is neces- 
sary to insure parallelism, while the distance between the lines 
is regulated by pacing ; or the arrangement shown in Fig. 2 
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if^ - 



ill' (f''M*^ .. 



is adopted. Here, after running the first line A D, the rods C, 
D are set up in the rame range, and E is placed some hundred 
yards, or so, down the stream to direct the diagonal line, the 

angle CED being taken by the 
sextant and the distances D E and 
C E measured. 

On reaching the opposite shore, 
_w( the rods F G are put in line with 

1^ and at the same distance apart as 

€ E, and standing at Gy with the 
sextant set at the angle CED, the 
rod H is placed, with G H made 
equal to D E^ thus making the 
range H F parallel to A B. 

Where a bend occurs in the 
Ri;.2 --.^ stream, cross lines develop the 

course of the channel better, and 
to make these radial the distances 
L Nj N Pf etc., are paced equal, and the rods set at a com- 
mon distance from the bank. The range N M is set by the 
eye as accurately as possible, and the angle L N Mis read by 
the sextant. This is used in setting out P and successive 
ranges, until a straight stretch allows the use of the quicker 
diagonal lines. 

Should it be necessary to sound some distance from shore, 
e.g,, in the channel of a large harbor, long poles should be cut 
and fitted with flags in place of the sight-rods, and the lines 



D. 



cf 



H*^ 



Fig.3 



may be kept parallel and at equal distances apart by the fol- 
lowing method : 

After running the first line A B, a right angle is laid off 
with the sextant to some point, D, on the shore, or prominent 
on the horizon. Keeping on this range, C D, the boat is 
pulled 50 to 75 yards, or such distance as may be necessary to 
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properly develop the bottom, and the pole E is put in posi- 
tion, the angle C E A being noted. Then another right angle 
is laid off from C E, to give the direction G^ ^ in which the 
boat is rowed till E and A appear coincident in the mirrors 
with the index set at 90°. At this point, F, a pole is set out 
and the sounding begun. 

Finishing this line, the poles C and A can be pulled up, and 
the boat rowed on the range D E until the point H^ where the 
artgle E H F=C E Ay before noted, is found. 

The pole K is set out in a similar manner to F, or, should 
there be no other horizon than sea and sky at G", a range A Z, 
similar to C D may be used. The distance F K will then be 
equal to A F. 

If the sounding be to determine the required depth of 
water over all parts of a rock which has been blasted, scows 
are used which have on either side poles marked to feet and 
tenths, and connected both above and below the scow by 
cross rods, the upper one having in the middle a short up- 
right pole on which the observations are taken. The scow 
is pulled over the entire area of the rock by means of skedges. 
The poles at the sides are lowered to the required depth, and 
corrections are made every five minutes for the height of the 
tide, according to the tide-book, or according to the actual 
readings of the nearest gauge. The depth in all contracts is 
specified from mean low water. 

The poles are carefully watched, and whenever they are 
raised by reason of the lower cross-piece striking against a pro- 
jecting rock, the scow is stopped and the point located by the 
transits. 

Ranges whose directions intersect at the rock to be re- 
moved are then put up on shore, or buoys may be placed di- 
rectly over it. 

To determine the direction and velocity of the current in a 
channel, '* current observations " are taken. For these floats 
are used. These consist of poles six to eight feet long and 
three inches in diameter, weighted to sink them to within two 
to three feet of their tops which are tapering and painted red. 

Such a float is set out in the middle of the channel at the 
desired point, and followed closely by the boat, angles being 
taken to it every minute. 

In order that the observations made by the two transit- 
men may be simultaneous a flag is raised in the boat five 
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seconds before the minute. Each observer then carefully keeps 
the vertical hair of his telescope on the moving float, and the 
moment the flag is dropped the angle is taken. In looking 
through the telescope both eyes must be kept open, so that if 
the boat is not in the field of the instrument, the angle will not 
be missed. These observations must be repeated several times, 
as the float rarely travels the desired length without grounding, 
and it is necessary to know whether through accident or set of 
the current. In the latter case it may be started again in the 
middle of the channel opposite the point struck. 

The location of the shore line, with bridges, wharfs, and 
such dock buildings as may be important, is done most easily 
by the same method of intersection angles taken from promi- 
nent points of the shore. These points are numbered on the 
sketch, the numbers corresponding to those opposite the cor- 
responding angles in the angle-books of the observers. 

Where more detail is required, or the other method is im- 
practicable, transit lines may be run. 

Unless the harbor is an important one, the tidal observa- 
tions seldom extend over more than a month, and when com- 
pleted they are tabulated. The mean of the intervals between 
the times of the moon's transit over the meridian, and those of 
high water is determined, together with the average time be- 
tween high and low waters. From these data tables of the 
times of future high and low waters are constructed for the 
port. Should an important harbor be near, where yearly ob- 
servations have been made, corrections for inequalities at dif- 
ferent seasons may be obtained. These data for the ** estab- 
lishment of the port " are invariably stated on the map. 



IMPROVEMENT OF THE WISCONSIN AND FOX 

RIVERS. 

By STANCLIFF B. DOWNES, C.E., '82. 

These are important rivers, as they form the water trans- 
portation route from the Mississippi River to Lake Michigan. 

An interesting natural feature is presented by the courses 
of the Wisconsin and Fox, namely, that they flow toward each 
other to within one and one-half mile of meeting and then 
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turn in opposite directions (although separated only by a 
low plain, across which their floods intermingle), the waters of 
the former pursuing a southerly course to the Gulf of Mexico, 
and those of the latter a northerly direction to the equally re- 
mote Gulf of St. Lawrence. 

The Wisconsin has a bed of sand, and its navigation is ob- 
structed by sand-bars, or, properly speaking, sand-waves. The 
general form of these bars is shown at Fig. i, which is a 



Flg.1 

longitudinal section of a portion of the river ; the full and 
dotted lines show the changes that are constantly taking place 
in the position of the bars. On Plate II. is shown a plan and 
a section of a characteristic bar drawn to scale. The up-stream 
slope is very gentle and the down-stream slope abrupt. The 
effect of the current is to move the sand up the up-stream 
slope until it reaches the crest, when it falls into the deep 
water immediately below, consequently the crests of the bars 
are continually moving down stream at the rate of from twenty- 
two to thirty-nine feet daily for bars in the middle of the 
stream, and from eleven to seventeen feet daily for a bar con- 
nected with one bank. 

The depth of the crests below the surface of water varies 
with the width of the channel, the narrower the channel the 
greater the depth on the bars. The crests of some in extreme 
law water were only from fifteen to eighteen inches below the 
surface, and some formed at high water became dry at low. 

The slope of the river surface varies between .095 foot to 
3.696 feet per mile, the average fall being 1.395 foot per mile, 
the total between Portage City and the mouth ; low water in 
the Wisconsin and in the Mississippi is about 178 feet, the 
distance being 118 miles. 

METHOD OF IMPROVING THE WISCONSIN. 

The plan adopted for the improvement of the navigation of 
this river was to reduce its width, thereby increasing its depth 
by the scouring action of the current. 

In the first place all lateral channels were cut off by dams. 
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Plate III. 




River Currents showing effect of Dams. 
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so as to confine the river to a single channel at low water. 
When the river was too wide, spurs, or wing-dams, were pro- 
jected from the banks until the required contraction was ob- 
tained. From the end of these spurs an arm is extended down 
stream to prevent the too rapid dispersion of the current. The 
wing-dams generally make an angle with the shore up stream 
somewhat less than a right angle. This throws the water 
passing over them at high water away from the river bank and 
diminishes the abrading effect. It was also found to facilitate 
construction by reducing the scour along the face of the dam. 

At the angles of the main dams with their down-stream arms 
short spurs are placed, which prevent undermining. When the 
current impinged strongly against the bank the latter was pro- 
tected, when of yielding material, by a facing of brush and stones. 

Plate III. illustrates the effect of these works upon the 
current, and the manner in which the sand scoured out is de- 
posited between the dams, also the general arrangement of the 
works. The material used in the construction of these works 
is brush loaded with stone. Only sufficient stone is used to 
hold the brush in place until it becomes filled and surrounded 
with sand deposits. Experience here and in Europe has shown 
that this material is the best adapted for such work, besides 
being the only one which can be used on such extensive works 
on account of its small cost. The brush is first bound into fas- 
cines, which are then combined into mats. 

The fascines were made of green brush, from half an inch to 
two inches in diameter at the butt, bound together by three 
withes. They are cylindrical in form, about ten inches in 
diameter and thirteen feet in length. 

The mats are now made 13 by 4 feet by 8 inches, as nearly 
as possible. Each is composed of six fascines. They will 
vary in weight from 270 to 500 pounds, depending on their age 
and also on the kind and size of the brush of which they are 
composed. Two men can throw the mats into the water from 
the mat-scow and a third guide them into position with the aid 
of a mat-hook and the current. 

A comparison of the present system of making mats from 
fascines was made with the plan of making them of loose brush 
used in building one dam in the Arkansas River at Fort Smith, 
Ark. In making mats according to the latter plan a rigid mat- 
frame was used, made light and portable, resembling a wagon- 
rack for cord-wood. 
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Plate IV. 
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Mats were made both ways of the same kind of brush, in 
the same locality, and weighed the same day the brush was 
cut down. Those composed of fascines, made larger than usual 
purposely, were 13 by 4J^ feet by 9 inches, and those of loose 
brush were of the same size except that they were i foot in 
thickness instead of 9 inches. One of the former weighed 410 
pounds and one of the latter weighed 335 pourfds, a difference 
of 75 pounds in favor of the former. The mats of loose brush 
did not well withstand handling, not only in building a dam 
but in transporting them. 

A dam, shown in Plate IV., is built about two feet above 
low water to allow for settlement ; it is usually composed of 
the shore-protection, the wing-dam, the spur, and lastly the 
slant. (See Plate III.) 

The shore-protection extends from the shore-end of the 
wing-dam to a point forty or fifty feet below it, depending in 
length upon the location, bank, and importance of the dam. 
The shore-protection is very essential, as in time of freshets, 
when the water passes over the wing-dam, an eddy is formed 
which would eat away the bank and ultimately work around 
the end of the dam were it not for this shore-protection. 

The wing-dam is slanted from the shore very slightly 
up-stream to produce slack water along its face and thus pre- 
vent scouring. It also varies in length according to circum- 
stances. 

At the outer end of the wing-dam is the slant, extending 
down-stream with the current, its length depending upon the 
locality ; it can be readily extended at any time should the 
occasion arise. 

At the elbow formed by the wingdam and slant a short 
spur is projected up stream, making equal angles with each, as 
seen on Plates III. and IV. The spur receives the force of the 
current and protects the slant ; the latter holds the water away 
from the lower side of the dam until the current becomea com- 
paratively slow, when it passes around the foot of the slant 
and returns, running up stream as it were, and deposits sand 
behind the wing-dam. 

Were it not for the slant and spur the water would pass 
around the end of the wing-dam in a long curve and meet the 
greater body of water some distance below, and, instead of 
depositing any sand behind the dam, the river-bed would wash 
out deeper and the result would be a bad " crossing." (A " cross- 
Digitized byLjOOQlC 



WISCONSIN AND FOX RIVER IMPROVEMENTS. 37 

ing" is where the main draught of water crosses from one 
bank to the other ; it is ** long " or ** short," depending upon 
the distance required to make it.) 

Slants and spurs are not only serviceable locally, but their 
influence extends much farther down stream than would the 
influence of a dam without them. Therefore they admit of the 
dams being placed farther apart, and as they are very short, 
compared with the lengths of dams, it is obvipus that it is 
economical to build them. 

LOCATION OF DAMS. 

This is very important It was found best to keep the 
channel in the middle of the river away from the shore when 
the banks were bad. 

By avoiding unnecessary crossings one dam will protect 
another, as will be seen by an inspection of the indicated cur- 
rents on Plate III. 

In the construction of dams the shore-protection is built 
first; the bank being sloped off* to an angle of about 45°, the 
mats and stones are then placed as shown on Plate IV. 

The slant and spur are next built, work being commenced 
at the lower end of the slant ; the brush ends of the mats are 
toward the channel, and all mats break joints, being laid in 
courses, as seen on Plate IV. ; the end of the slant is in steps. 
The spur is next built similarly ; at the end of it is a layer of 
mats well covered with stone. 

The wing-dam is built last of all. It is carried up in a man- 
ner similar to the slant. Plate IV. gives a plan and section. 

Nothing of any account was done on the Wisconsin River 
prior to 1 871. Since that 157 wing-dams have been built of 
brush and stone as described, having a total length of 76,684 
lineal feet. These are distributed over about fifty miles of the 
river. 

EFFECT OF THE IMPROVEMENT. 
The practical effects exerted upon the Wisconsin by the 
works can be ascertained by comparing the survey made of the 
river by General Warren, in 1867, with that made by Colonel 
Houston, in 1879, the latter extending from Portage City to a 
point eight miles below, covering a portion of the river where 
the works have been most systematically carried out. 

The width for eight miles below Portage. — To determine 
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this quantity for the unimproved river, distances of i,SOO feet 
were laid off on General Warren's map, and the corresponding 
actual widths of the waterway at a stage 3.6 feet above the 
upper mitre-sill of the lock at Portage were measured. This 
mitre-sill is 3.05 feet below the zero of General Warren's 
gauge and 3.25 feet below the zero of the present gauge. 
Twenty-eight widths were thus measured, giving a mean width 
of 687 feet, ranging from i,2CX) feet to 430 feet. 

Upon the corresponding map of Colonel Houston, the 
widths between the ends of the spur-jetties and the opposite 
shore were measured, giving thirty widths, of which the mean 
was 432 feet, ranging between 600 feet and 280 feet. 

It therefore appears that the width at this stage (0.6 foot 
above the zero of General Warren's gauge) his been reduced 
from 687 feet to 432 feet — a diminution of 255 feet, or about 
37 per cent. 

The mean depth in the best channel was compared by fol- 
lowing the line indicated by General Warren on his map, and 
a mean of all the recorded soundings (138) was taken, giving 
5.46. feet for a stage 0.6 foot above the zero of his gauge. 
Colonel Houston's map was then studied in the same manner, 
giving for the same stage (mean of 253 soundings) 6.51 feet. 
Hence it appears that the best channel has deepened in this 
section of the river 1. 05 foot at a stage 3.6 feet above the mitre- 
sill at Portage. 

For purposes of navigation it is not the mean depth of 
channel but the depth on the bar crests which is of practical 
importance. We find by studying a table of the depths formed 
from the two surveys that the following conclusions are sug- 
gested : 

First, — ^The worst bars (those less than 3 feet at this stage) 
exhibit no improvement. They are, however, now found at 
points where the river has not been sufficiently reduced in 
width, and by local jetties they could easily be removed. 

Second, — The bars with less than 4 feet have been reduced 
in number from 19 to 8, showing a decided improvement, and 
they are also much shorter than before. 

Third, — The bars having less than 5 feet of water have in- 
creased in number from 23 to 32, but the mean depth on their 
crests has also increased from 3.6 feet to 4.3 feet, showing an 
improvement of about 0.7 foot in average depth. 

This number, it will be noticed, accords almost exactly 
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with the result reached by comparing the mean depths in the 
best channel, and suggests the important conclusion that the 
average depth on the bars injurious to navigation has increased 
pari passu with the mean depth in the best channel. 

Fourth, — ^The effect of the improvements has been to in- 
crease the number and reduce the length of the bars, and to 
increase the number of holes (deeper than 12 feet). 

In brief, the practical results of the improvements in the 
eight miles considered seems to be : 

First. — The width has been reduced about one-third, at the 
low water stage. 

Second. — ^The average depth on the bars has been increased 
about nine inches at this stage. 

Third. — The contraction in the width of the river has not 
been carried sufficiently far, nor made with sufficient regularity 
to prevent the bars from occasionally rising to heights nearly 
as injurious to navigation as before the improvements were be 
gun, but the number and lengths of such bars have been ma- 
terially reduced. 

Fourth. — The cost effecting these results for the eight miles 
below Portage has been about $75,000. 

It is proposed to build about 300,000 feet of additional 
wing-dams to complete the improvement of this river, and to 
extend the old dams so as to reduce the low-water channel to 
300 feet in width. 

FOX RIVERS. 

The Upper Fox River resembles the Wisconsin in having 
low banks. It has a tortuous channel through broad savannas, 
with gentle slope and sluggish current, occasionally passing 
into lakes, three of which. Mud Lake, Buffalo Lake, and Lake 
Puckaway, are caused by the deposits of affluents which the 
main stream has not been able to wash slway, and they are 
filled with wild rice. The travelled route in 1875 was about 
104 miles, the air line being 54 miles. 

The total fall is 33.1 feet, in most places there is a fall of 
one foot in two and one-half miles, but there are long reaches 
where the fall is scarcely perceptible. 

The Lower Fox River forms the outlet of Lake Winnebago, 
a body of water 35 miles long by 9 to 14 wide, forming 15^ 
miles lake navigation (depth over 20 feet) between the Upper 
and Lower Fox Rivers. It acts as a reservoir, preventing any 
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sudden change in the volume of the outlet from freshets, the 
extreme fluctuations in the Lower Fox not exceeding three or 
four feet. The total fall from Lake Winnebago to Green Bay, 
Lake Michigan, is about 170 feet and the distance is yj\ miles. 
This large slope, over 4^ feet per mile, causes the waters to 
descend with great rapidity over beds of limestone rock, form- 
ing numerous rapids. The valley here is narrow and gorge- 
like. 

The minimum discharge of the Lower Fox is given as 2,320 
cubic feet per second. 

The improvements on the Fox Rivers from Portage to 
Green Bay, a distance of 160 miles, were purchased by the 
Government of the Green Bay & Mississippi Canal Com- 
pany in 1872. These improvements consisted principally of 
22 locks, II dams, y\ miles of canal, waste weirs, and acces- 
sory works. The locks and dams were of a temporary char- 
acter and in bad condition. With one exception, the locks 
were constructed of rough stone walls, without mortar, lined 
with timber and plank. 

The plan of improvement has been to rebuild the old locks 
and dams when required, to construct additional locks and 
dams so as to complete the system of slack- water navigation, to 
make cut-offs and deepen and widen the channel by dredging. 

There are eight locks on the Upper Fox between Portage 
and Lake Winnebago, a distance of 104 miles, overcoming a 
total fall of about forty feet. Near each lock there is a dam, 
except at the upper lock which connects the canal from the 
Wisconsin to the Fox. The first two dams, commencing at 
the upper end, are crib dams, the next four are built of brush 
and stone, and the lower dam, near Eureka, is a frame dam, 
with masonry abutments and a navigable pass closed by Boute 
gates supported by a drawbridge. 

The five other locks have been built of masonry by the 
Government, also five dams, four of which are of brush and 
stone. It is the intention to replace the brush and stone ones 
by more permanent structures. 

The Upper Fox for a great part of its course flows through 
a flat country, which is to a large extent overflowed at high 
water. To avoid flowage of the lands, as much as possible, 
the crests of the new dams have been placed low, only 2 feet 
above low water ; the additional depth required for navigation is 
secured by dredging, by which the bed of the stream is lowered. 
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To still further reduce the amount of flowage, it is consid- 
ered advisable to make the dams movable, so that they can be 
taken in whole or in part, thus lowering the level in the pool 
above. A dam of this character has been built near Eureka ; 
it consists of a permanent weir 150 feet long and a navigable 
pass 50 feet wide. Should it be found necessary there can be 
substituted for the permanent weir a movable dam. This 
dam will answer the purpose of regulating the water level, 
and at the same time it will admit the passage of boats at high 
water without going through the lock. 

On the Lower Fox six new masonry locks have been built, 
replacing seven of the old locks ; seven dams, one of masonry 
and six of crib work, filled with stone, replacing seven old 
dams ; the channel has been deepened so as to give over five feet 
navigation in ordinary stages. All of the old locks have been 
overhauled and repaired as far as they admitted of it ; a new 
retaining wall of solid masonry. 800 feet long and 21 feet high 
for the canal at Appleton has been completed. 

The Wisconsin and Fox Rivers are connected by a canal 
2.\ miles in length. It was built when purchased by the Govern- 
ment, but was in a dilapidated condition, it being filled up 
with sand from the Wisconsin until there was a minimum 
depth of 18 inches, this has been deepened to 6 feet, widened 
to 75 feet, and the sides revetted with timber and plank, se- 
cured by piling. 

A lock is necessary, as the Wisconsin is' about five feet 
higher than the Upper Fox, the dimensions of the lock are 160 
by 35 feet. 

Eleven cut-offs have been made on the Upper Fox, with a 
total length of five miles, and width varying from 60 to 100 feet. 

The work to be done consists of dredging channel of the 
Upper Fox to 6 feet in depth and 100 feet in width, and placing 
buoys to mark channel, widening canals, protecting the river 
banks, etc. 

On the Lower Fox the channel is to be (in 1880) deepened 
to 6 feet, guard-gates are to be placed at the heads of the 
canals, and the canals strengthened and paved. 



Digiti 



ized by Google 



PROFESSIONAL NOTES. 



Mkchanical Engine kring. 

The American Society of Mechanical Engineers has held two 
sessions since last reported. The meeting in Philadelphia was sig- 
nalized by several papers of interest One by Mr. Charles T. Porter 
was upon the direct connection of a Porter-Allen engine-shaft to the 
revolving armature of an Edison dynamo-electric machine for illumi- 
nating by electric light. It is not desirable to put the engine and 
dynamo upon the same bed-plate, lest the engine be involved in the 
electric field of the latter. Hence a special automatic coupling is 
applied, which allows settling of foundation without strain on the 
armature. A model of this coupling is now in the cabinet of the 
School of Mines. Other papers were upon the combined use of 
air and steam in an engine cylinder, upon the windmill as a source of 
power for storing batteries for electric use, upon the specific heat 
of platinum for pyrometers at high temperatures, and one upon the 
proper relative positions upon a sheet of drawing-paper, of the eleva- 
tions and plans and side views of an object to be represented. The 
discussion in this latter paper hinged upon the point whether an ob- 
ject shall be revolved in order to present views of its different sides 
to the draughtsman, or whether the latter shall travel around the ob- 
ject and carry his apparatus with him. In other words, shall a view 
from the right hand side of an object be put at the right or the left of 
the plan and elevation, and shall the plan be above or below the ele- 
vation 1 The methods of descriptive geometry are almost universally 
reversed in practice, with respect to plan and elevation, and it is de- 
batable which method of side-view will give rise to fewest mistakes in 
the shop. Professor Trowbridge presented a paper upon his new 
formula for calculating the pipe-surface necessary to produce a ven- 
tilating current in a flue from a room of given contents, and Professor 
Hutton read a paper upon a corrosive action he had noticed where 
mineral wool, made from blast-furnace slag, had attacked steam-pipes 
around which the wool had been packed to prevent loss of heat by 
radiation. This paper was illustrated by samples, and in the discussion 
which followed Professor Egleston carried the matter still farther and 
showed the decomposition likely to occur under not unusual condi- 
tions. Dampness is especially to be avoided, although all samples 
are not equally corrosive, and some seem innocuous. One session 
was devoted to memorial reminiscences of Mr. A. L. Holley, and an- 
other was set apart for the use of the committee appointed to pre- 
pare a memorial to Congress in reference to the Test Board for 
Iron and Steel. Reports were read, and the interest of the members 
stimulated. In that connection Professor Lanza, of Boston, gave 
some results of tests upon full-size mill columns, as experimented 
on at Watertown. One day was devoted to an excursion down the 
Delaware to various points of interest. 
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The fall meeting of the Society has just closed. Papers were 
presented on the new cut-off applied on the ferry-boat Baltimore, of 
the Pennsylvania Railroad, on road-traction devices, on technical 
education of artisans, on methods for classifying and preserving shop 
drawings, and on the pressure on the back of an unbalanced slide- 
valve. The most interesting papers to the writer were one on the 
rail-cambering devices in use at the Scranton Rolling Mill, and one 
upon a new form of steam-engine indicator. The former paper illus- 
trated the continuous straightening rolls, and the rolls for throwing 
such a curvature into unsynmietrical sections as shall cause their un- 
equal contraction in cooling to result in a comparatively straight nin. 
This avoids a good deal of straightening-press labor, and saves the in- 
jury to the surface where the **gag" strikes. Professor Webb's new 
indicator is exceedingly original. The card is made up of partial in- 
dications, each part taken in one revolution of the engine. A very 
steady card results by this method from an engine making four hun- 
dred revolutions, all of the wavy motions being eliminated. Of course 
diis form of instrument will not answer for an engine under a very 
variable load, but a very simple integrating device makes it possible 
to get the area of the diagram yvithout laborious measurement and 
computation. For many uses this new form will be likely to replace 
earlier forms. 

One day of this autumnal session was devoted to an excursion on 
the Hudson River, visiting the tunnel, crossing the East River Bridge, 
and visiting the Morgan Iron Works and the plant of the New York 
Steam Power Company. After adjournment the members were es- 
corted to visit the stations of the United States and Brush electric 
lighting companies, where a great deal of interest was manifested. 
The sessions were well attended and profitable. F. R. H. 

Zinc-foil in BoiUrs, — Since 1875, experiments have been carried 
on in the French Marine to test the efficacy of zinc leaves in neutral- 
izing the effects of fatty acids in the water, and giving rise to inoffen- 
sive products. 

The zinc inside and the iron of the boiler constitute a voltaic ele- 
ment, which decomposes the water and liberates oxygen and hydrogen. 
The oxygen forms oxide of zinc, which combines with the fatty acids 
mingled with the feed water, thus forming " soaps " of zinc, which, 
coating the tubes, prevent adhesion of the salts left by evaporation. 
The matter on the tubes, which is in a mealy state, is then easily 
brushed away. 

The hydrogen liberated prevents danger when the water becomes 
superheated. The constant supply of hydrogen not only starts the 
boiling, but keeps it up. » 

All that is necessary is to take out the zinc plates from time to 
time, and clean from them the adhering salts. — Engineering^ Septem- 
ber 29, 1882. 

^ A New Compound Hoisting Engine, — The students of the last 
summer class in practical mining will probably remember seeing a 
new hoisting engine in process of constniction in the machine shop at 
Drifton. As it is, so far as I have been able to ascertain, the first 
application of the compound engine to hoisting purposes, a short 
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description of it may prove interesting to some reader of The • 
Quarterly. It is being built by Coxe Brothers & Co. for use at 
the Tomhicken Mine, and is to be the type of engine employed by 
them in their future mining operations. 

The bed-plate of this engine is cast in three pieces, which are 
bolted together. The cylinders are bolted to the bed-plate by a 
flange -around the crank end. This end of each cylinder is cast 
closed, except the hole for the piston-rod, and the stuffing-boxes are 
cast separate and bolted on^ The cyhnders thus project back from 
the rear end of the bed-plate. They are about fifteen feet apart 
from centre to centre. The high-pressure one is fifteen, and the low- 
pressure one thirty inches diameter. Both have thirty inches stroke. 

The exhaust from the high-pressure cylinder, instead of going to 
the low-pressure cylinder direct, as is generally the case, will be taken 
to a heater placed in the smoke-slack. The design for this heater 
was not completed when these notes were taken, so that no descrip- 
tion of it can be given. It is intended, however, merely to keep up 
the temperature, so as to prevent loss by condensation, and is not in- 
tended to superheat the steam, so as to obtain greater pressure for 
the low-pressure cylinder. 

The diameter of the high i>ressure steam-pipe is four inches, exhaust 
six inches ; low-pressure steam-pipe, six inches, exhaust ten inches. 
The low-pressure exhaust-pipe delivers the steam into a surface con- 
denser. 

The steam ports in the high-pressure cylinder are 12x1^ inches ; 
exhaust i^ort, 12 x ij inches. Low-pressure steam |>orts, 24 x i| inches ; 
exhaust i)ort, 24 x 2\ inches. 

The high-pressure cylinder is provided with an adjustable cut-off, 
consisting of two flat valves sliding on the back of the main valve, the 
distance between them being varied by means of right and left-handed 
screw threads on the valve-rod. 

The main valves are not attached directly to the valve-rods, but 
are enclosed in wrought-iron frames. or yokes which surround them. 
The steam-chests are placed on the tops of the cylinders. The eccen- 
trics by which the valves are moved are placed on a small auxiliar)' 
shaft parallel to the main shaft, and about the same length, to which 
it is connected by gearing. 

The crank-pins pass through the ends of the connecting-rods, which 
are not of the usual pattern with straps and keys. The brasses fit 
into rectangular holes in the connecting-rods, and are held in posi- 
tion by iron wedges, whose positions are fixed by set screws. A 
pin corresponding to the crank-pin passing through the cross head end 
of the connecting-rod is secured by a nut screwed on one end, and 
must be taken out when the connecting-rod is to be removed. 

The main shaft, which is 8^ inches in diameter, carries two loose 
spur-wheels, 2 feet 9 inches diameter. These are thrown in gear by 
means of a contrivance called a ** friction gear." An iron spider with 
six arms is keyed fast on the shaft. Between the arms are six pieces 
of wood, placed with the grain in the direction of the tangent, whose 
outer surfaces are shaped so as to fit the inner surface of a cylindrical- 
shaped casting bolted fast to the spur-wheel. These wooden seg- 
ments are moved by twelve arms or struts, two to each piece, which 
are fastened to a collar on the shaft very much like the braces of an 
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umbrella. A second collar is capable of being pressed against this so 
as to force the pieces of wood outward against the surface of the cast- 
ing referred to, and the adhesion causes it and the spur-wheel to 
revolve with the shaft. The second collar does not revolve with the 
shaft. It is forced against the first by means of two elbow-joints which 
abut against the pillow-blocks and are operated by a lever. 

The spur-wheels on the main shaft mesh into two larger ones, 1 1 
feet in diameter, on the drum shaft. 

One of the two dmms is long enough for twenty-three coils of rope, 
the other for ten. Both are of cast iron, 8 feet 2 inches diameter, and 
are grooved. 

The estimated speed of the engine is to be sixty-five revolutions 
per minute. The steam pressure, point of cut-off, etc., are to be ad- 
justed so as to make the mean pressure per square inch on the high- 
pressure piston four times that on the low-pressure piston, so that the 
work of both shall be equal. The estimated speed of the engine will 
give the hoisting-rope a velocity of about four hundred feet per 
minute. 

The longer rope will hoist from the bottom of the shaft to the top 
of the breaker, the shorter one only from the surface to the top of the 
breaker. 

The designer of the engine is Mr. Peter McLean, to whose cour- 
tesy I am indebted for the above notes. F. P. 

On the Inspection of Iron at Pittsburgh. — When we consider the 
enormous amount of material manufactured which eventually finds its 
way to the builders of all descriptions of iron bridges, roofs, viaducts, 
etc, in this and other cities, it may not prove uninteresting to our 
readers to learn the methods by which the strength of this material, 
and its reliability, for the two are not always associated in so peculiar 
a metal as wrought iron, are determined. In former years much less 
attention was paid to the quality of iron entering into structures built 
by contract than at pr<?sent. The workmanship was required to meet 
certain specifications and was liable to inspection, but such accidents 
as those of the Tay bridge, Ashtabula bridge, and some othqrs equally 
horrible, were necessary to convince the corporations using such 
structures of the immense imjjortance of testing the material as well 
as the design and general workrLanship. 

All the principal railroad and bridge companies have their inspec- 
tors, whose business is to be present at the rolling mills when the iron 
on their contracts is to be rolled, and from which, by the terms of con- 
tract, they are at liberty to select samples from any portion of the heat 
upon which tests are made. In the contract which the railroad com- 
pany, for instance, may have with the bridge company, are specified 
the strains which the iron is to stand and the area of cross section of 
the test-piece to be used. These test-pieces must be furnished from 
every separate heat which is rolled to fill the order if the inspector 
so desires. 

These test-pieces are usually made from one-half to one square 
inch in section, and are tested for what are called the ultimate strength, 
the elastic limit, elongation and reduction of area, the ultimate 
strength being the strain jier square inch at which fracture occurs, 
and the elastic limit being a certain strain per square inch at which 
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rupture takes place in the molecules of the iron and it ceases to be 
elastic. In other words the test-piece which has had a certain strain 
below the elastic limit put upon it will stretch a certain amount, but 
will return to its former dimensions if the strain be taken off; while 
if strained beyond the elastic limit the iron will remain stretched, and 
will not go back to its original length. 

The elongation of the test-piece is the amount that it exceeds its 
original length after fracture, and is expressed in percentage. The 
elongation is obtained by placing the two ends of the test-pieces to- 
gether after they have been pulled apart, and measuring the distance 
between punch marks placed at a definite distance apart previous to 
the testing. 

Where the test-piece breaks in good iron it tapers off for some 
distance from the fracture, showing a perceptible diminution in the 
area of cross section at the fracture. The amount by which the area 
of the test-piece at the fracture is less than the original cross section 
is called the reduction of area, and is expressed in percentage. 

Test-pieces are of various forms, according to the material from 
which they are taken, and the ideas of the inspector. They may be 
round with a shoulder at each end to catch in the chucks of the test- 
ing machine, or they may be of square or rectangular section, with or 
without a **neck " at each end. The *Jneck " is simply an enlarge- 
ment of the test-piece at the end to afford a better grip for the chucks. 
It is of the greatest importance for the accuracy of the test that the 
test-pieces should be perfectly straight, their sides parallel and free 
from nicks^ and also that they should be free from jarring influences 
while under strain, as an apparently insignificant amount of vibration 
will injure the specimen when near the breaking-point and considera- 
bly reduce its ultimate strength. For this reason inspectors are 
averse to using testing machines situated near steam hammers or 
heavy mill trains in operation. The average of specifications for 
wrought iron would be about as follows : Ultimate strength 45,000 to 
50,000 pounds per square inch ; elastic limit 20,000 to 25,000 pounds 
per inch ; elongation 15 per cent, in six inches; reduction of area 25 
per cent, for bar and shape iron ; 20 per cent, for plate. The dis- 
tance in which the elongation is taken is specified because the amount 
of elongation in the same specimen is always greatest near the frac- 
ture. In order to secure a reliable as well as a strong iron, it is ne- 
cessary that all these recjuirements should be fulfilled. Thus a piece 
of iron containing more than a certain percentage of phosphorus 
(cold-short iron) might give very satisfactory results as to ultimate 
strength and elastic limit, but would fall short of the requirements in 
elongation and reduction of area, being too britde, while an iron that 
was too purely fibrous would satisfy the two last conditions, but would 
be deficient in strength and would be too easily strained beyond the 
elastic limit, or in the language of the mills, would take its " perma- 
nent set " too quickly. The mill men have then continually before 
them the problem of mixing in just the right proportions a slightly 
cold-short and a purely fibrous iron, so as to obtain a product which 
will be sufficiently strong and at the same time maintain the requisite 
elasticity to withstand the shock of loads suddenly applied. 

The tests are called " tests by tension " and are generally supple- 
mented by " tests by bending " in which the iron is bent cold with 
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heavy sledges and observation made as to the angle at which they be- 
gin to crack on the convex side. Good plate-iroji, for instance, from 
i^ to I inch thick, and 4 to 6 inches wide, should bend double and 
admit of flattening the two ends of the specimen together without 
cracking, and when nicked across ways with a cold chisel should bend 
flat without breaking into two pieces. The fractures of the test 
pieces should not have a crystalline appearance, but should present 
a silky or fibrous texture, and the color should be soft and lustrous. 

When the iron is worked too much at the mill it becomes what the 
mill men call " dry," and the fractures, though they may not be crys- 
talline, will show a short fibre, dark and uniform in color. 

Of the various forms of testing machines in use, the one built by 
Riehle Brothers, of Philadelphia, is, perhaps, the one most generally 
known, and several of our mills use either the vertical or horizontal 
type of this machine. It is simply a powerful but compact system of * 
scales in which the weight is represented by pressure applied to the 
test-piece by means of a hydraulic cylinder and pump worked by hand, 
which pressure is weighed by weights applied at the end of a beam, 
exactly similar in principle to the ordinary grocer's scales. In these 
machines the elastic limit is determined by means of two fine punched 
holes in the test-piece, and a pair of delicately pointed dividers, which 
are set so that the points will just enter the punch-holes before the 
test-piece is strained. The test-piece having been prepared, is placed 
in the machine and strained to some amount below the elastic limit, 
and if the iron is stretched perceptibly the strain is taken off and the 
inspector observes whether his dividers will still fit into the punch- 
holes, or, in other words, if the iron has returned to its original dimen- 
sions. If such is the case, it is evident that the iron has not passed 
its elastic limit and the testing is proceeded with until a pressure is 
reached at which the dividers will no longer fit in the punch-holes, on 
taking off the strain, which shows that the specimen has taken a per- 
manent set or has passed the elastic limit. In a very delicate and 
ingenious machine invented by one of our well-known manufacturers 
the elastic limit is determined by a micrometer measuring apparatus 
assisted by an electric arrangement. This machine determines the 
elastic limit while the specimen is under strain, the micrometer ar- 
rangement measuring the elongation of the specimen at each addi- 
tional application of 500 or 1,000 pounds strain until the elastic limit 
is reached, when the iron suddenly commences to stretch faster than 
before. In this machine the power is applied through a screw and 
can be applied either by hand or can be taken from an engine by 
means of two friction cones, which can be thrown into gear with the 
screw by the movement of a single lever. — Pittsburgh Post, 

C. E. Palmer, '78. 

Sanitary Engineering. 

JIow to Examine a House. — In an address recently delivered on 
" Practical Points in Plumbing " before the New York Academy of 
Medicine, Mr. C. E. Wingate gave the following directions for the 
examination of dwellings, which serve well to supplement the paper 
by Mr. Owen published in the November number : 

'* Every part of the plumbing must be exi)osed to view and examined 
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as to the quality of the details of the plumbing work. A single por- 
tion of the work, one joint of a pipe, will tell a practised plumber the 
capacity of the workman. If a house is deficient in its niinor details, 
it will be found generally bad. A direct leak from a pipe will be 
shown by holding a candle near it. The j)ractised nose can tell a 
leak in a short time, and by the density of the smell from a roof-pipe 
it can be learned whether there is a trap in the pipe to the sewer. 

" The peppermint test is a most valuable aid 'in this examination. 
An ounce of oil of pej)permint in a pail of water is poured into the 
openings of the plumbing fixtures at the upper part of the house. If 
the smell of peppermint escapes by a leak this shows that sewer-gas 
would also escape. 

**The examination of cellars is most important. The sources of 
dampness should be investigated. These are manifold both in the 
city and country ; rain and snow blow in ; there is leakage from the 
water-pipes and areas, and there is the refrigerator waste. Professor 
Chandler says that ninety per cent, of the cellars in New York are 
bad, and I should say ninety-five per cent, are either originally dan- 
gerous or made so by neglect. The relations of soil-moisture to dis- 
ease have been shown by Dr. Griscom in the statistics of sickness 
among the colored population living in cellars in the time of cholera. 

" Another source of danger is from broken or leaky underground 
drains. Most houses have underground drains which are made of tiles 
laid by ignorant workmen, and 1 have seldom or never found a drain 
which was not in a defective condition. Thus the soil becomes sat- 
urated with the worst kind of sewage. In Boston I have found 
many drain-pipes without the proper pitch or flush. Some pitched 
toward the houses instead of the sewers; others were choked with 
grease or there was no sewer connections at all. The plumber some- 
times ran the drain over a rock, up and down, or ended it on one side, 
continuing on the other, or connected two sections of six-inch pipe by 
a four-inch pipe. I found one drain for two houses, which was open 
at every joint and ran near the furnace, so that all the air in the house 
was poisoned with sewer-gas, and, in addition, the refrigerators com- 
municated with the sewer. 

** Nothing but iron pipes with lead joints, properly coupled, and car- 
ried along the cellars in sight, or in trenches easily accessible, should 
be used. Most soil pipes are too large, as the one in the Rockwell 
house in Brooklyn, which was filled only one-fifth by water. Dangers 
from sewer-gas are largely due to job-building, the employment of 
poor, cheap plumbers, and the ignorance of architects. 

** There are several other sources of foul air in houses. The air 
supplied to the furnace is often taken from the cellar, or the cold air- 
boxes are made of unseasoned wood, and in them rats, cats, and 
chickens seek shelter. Jn one house two chickens and a cat were 
found roasted in the brick work near the furnace, and in another the 
cold air-box had settled to admit the air near the servants' closets, a 
foul refrigerator, and a receptacle for soap-fat. Garbage and dust 
from wet and coal in cellars cause foul air, which is drawn up into the 
living rooms by the suction of hot air, if not through the dumb-waiters." 

Instructions for Disinfection. — The following instructions, pre- 
pared for the National Board of Health by a committee consisting of 
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Professors Barker, Chandler, Draper, and Remsen, and Drs. Janeway 
and Van der Poel, should be in every engineer's note-hook : 

Disinfection is the destruction of the poisons of infectious and 
contagious diseases. Deodorizers, or substances which destroy smells, 
are not necessarily disinfectants, and disinfectants do not necessarily 
have an odor. Disinfection cannot compensate for want of cleanli- 
ness nor of ventilation. 

I. — Disinfectants to be Employed. — i. Roll sulphur ^brimstone) 
for fumigation ; 2. Sulphate of iron (copperas) dissolved m water in 
the proportion of one and a half pound to the gallon, for soil, sewers, 
etc ; 3. Sulphate of zinc and common salt, dissolved together in 
water in the proportion of four ounces sulphate and two ounces salt 
to the gallon, for clothing, bed-linen, etc. 

Note. — Carbolic acid is not included in the above Ibt for the following reasons : 
it is very difficult to determine the quality of the commercial article, and the pur- 
chaser can never be certain of securing it of proper strength ; it is expensive when 
of good quality, and experience has shown that it must be employed in compara- 
tively large quantities to be of any use ; it is liable, by its strong odor, to give a 
false sense of security. 

II. — How to use Disinfectants, — i. /« the Sick-room, The most 
available agents are fresh air and cleanliness. The clothing, towels, 
bed-linen, etc., should, on removal from the patient, and before they 
are taken from the room, be placed in a pail or tub of the zinc solu- 
tion, boiling hot, if possible. 

AH discharges should either be received in vessels containing cop- 
peras solution, or, when this is impracticable, should be immediately 
covered with copperas solution. All vessels used about the patient 
should be cleansed with the same solution. 

Unnecessary furniture, especially that which is stuffed, carpets and 
hangings, should, when possible, be removed from the room at the 
outset ; otherwise they should remain for subsequent fumigation and 
treatment. 

2. Fumigation with sulphur is the only practicable method for dis- 
infecting the house. For this purpose, the rooms to be disinfected 
must be vacated. Heavy clothing, blankets, bedding, and other 
articles which cannot be treated with zinc solution, should be opened 
and exposed during fumigation, as directed below. Close the rooms 
as tightly as possible, place the sulphur in iron pans, supported upon 
bricks placed in wash-tubs containing a little water ; set it on fire by 
hot coals, or with tlie aid of a spoonful of alcohol, and allow the room 
to remain closed for twenty-four hours. For a room about ten feet 
square, at least two pounds of sulphur should be used ; for larger 
rooms, proportionally increased quantities. 

Premises, — Cellars, yards, stables, gutters, privies, cesspools, 
water-closets, drains, sewers, etc., should be frequently and liberally 
treated with copperas solution. The copperas solution is easily pre- • 
pared by hanging a basket containing about sixty pounds of copperas 
in a barrel of water. 

4. Body and Bed-clothings etc, — It is best to burn all articles which 
have been in contact with persons sick with contagious or infectious 
diseases. Articles too valuable to be destroyed should be treated as 
follows : 

{a) Cotton, linen, flannels, blankets, etc, should be treated with 
4 
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the boiling-hot zinc solution ; introduce piece by piece, secure thor- 
ough wetting, and boil for at least half an hour. 

(b) Heavy woollen clothing, silks, furs, stuffed bed-covers, beds, 
and other articles which cannot be treated with the zinc solution, 
should be hung in the room during fumigation, their surfaces 
thoroughly exposed, and pockets turned inside out. Afterward they 
should be hung in the open air, beaten, and shaken. Pillows, beds, 

stuffed mattresses, upholstered furniture, 
etc., should be cut open, the contents 
spread out and thoroughly fumigated. 
Carpels are best fumigated on the floor, 
but should afterward be removed to the 
open air and thoroughly beaten. 

5. Corpses should be thoroughly washed 
with a zinc solution of double strength ; 
should then be wrapped in a sheet, wet 
with the zinc solution, and buried at 
once. 

Metallic, metal- lined, or air-tight cof- 
fins should be used when possible ; cer- 
tainly when the body is to be transported 
for any considerable distance. 



Analytical Chemistry. 

Apparatus for Drying Precipitates. — 
This simple apparatus does away with gas 
regulators, etc., and has been used for a 
considerable time at some of the German 
laboratories. « is a beaker partly filled 
with salt water. This is closed by a well- 
fitting cork, ^, which is perforated to allow 
a number of test-tubes, cc (generally six), 
to pass through it and dip into the brine. 
A condenser, //, is used as shown in the 
diagram. This is placed on a tripod and 
heated. The precipitates are folded in 
their filter-papers and suspended in the 
test-tubes cc by means of a piece of wire bent in the shape e. As 
may be readily seen, the apparatus needs very little looking after, and 
is a great desideratum to the analyst. I believe that it was first used 
in Professor Bunsen's laboratory, in Heidelberg. C. A. W., '82. 





Ntiv Crucible Method for Pb. — A crucible of Swedish iron is em- 
ployed, thus dispensing with iron loops and nails. The success or 
failure of this method depends upon the quality of the iron used for 
these crucibles, as certain kinds, on account of their rapid oxidation 
are unfit for this purpose. The variety most suitable for this purpose 
may be easily determined by a few experiments with crucibles made 
of various kinds of iron. The crucible must be of about the same size 
and thickness as an ordinary Hessian '* five " — the bottom must be 
especially thick. It is better to have the crucible made round and 



Digiti 



ized by Google 



PROFESSIONAL NOTES, 5^ 

lipped, as it can be poured more readily. The charge employed is 
only Na, Co, and a little borax (depending upon the amount of Sio,). 
It is well mixed with the finely powdered ore — put into the crucible 
and covered with salt and finally with a piece of charcoal. Time, eight 
to ten minutes. The cmcible is then removed, tapped, and poured ; 
a fresh charge is immediately introduced and the operation repeated. 
This method is said to give very satisfactory results, and, as the wear 
upon the crucible is very slight if the correct quality of Fe has been 
employed for making it, it is more economical than the other methods. 

Chas. a. Wittmack, M.S., Ph.B. 

From a review by Dr. Waller of papers on analytical chemistry 
which have appeared during 1882, recently published in iht Journal 
of the American Chemical Society^ we take the following. For fur- 
ther valuable notes, of less general interest to our readers, on ulti- 
mate and proximate analysis, and the testing of fertilizers and potable 
waters, we refer to the original. 

Sulphur in Pyrites, — To obtain the sulphur in pyrites in a form for 
estimation as sulphate, Fr. Bockmann {Fres. Zeits, Anal. Chem,^ xxi. 
90), fuses 0.5 gm. with 25 gms. of a mixture containing 6 parts 
Na,CO, to I part KCIO,. 

In Estimating Chlorine Gravimetrically^ D. Lindo (Chem. News, 
xiv., 193) filters the AgCl through a Gooch filter and dries for half an 
hour at 140° to 150° C. 

In the Indirect Estimation of Chlorine and Bromide, L. P. Kin- 
nicutt {Am. Chem. Jour.,'\\., 22),2^ter weighing the mixed silver salts 
in a platinum crucible, reduces to metallic silver by a battery, the 
crucible being made the positive electrode of the circuit. 

As to Volumetric Processes for Phosphoric Acid, C. Mohr {Fres. 
Zeits. Anal. Chem., xxi., 216) shows by a series of experiments that 
even small amounts of ammonia salts have a marked effect on the 
results obtained by the uranium titration, while H. Pemberton {Jour. 
Franklin Inst., cxiii., 184) proposes the solution of neutral ammonium 
molybdate containing 89.543 gms. of the salt per litre (i c.c. =0.003 
gm. P,OJ. For titration 100 to 125 c.c. of the solution is taken 
(which should not contain over o.i gm. P,OJ, 10 gms. of ammonium 
nitrate, and 2 c.c. of nitric acid (sp. gr. 1.14) are added, and the solu- 
tion is heated to 140° F. or over. The end reaction is the absence 
of further precipitation. Toward the close of the titration portions of 
the solution have to be filtered to give opportunity to observe the end 
reaction. If the titration is overnm, a measured quantity of Na^ 
H PO^ of known strength is added, and the titration resumed. From 
the burette reading 0.5 c.c. is to be deducted for the effect of the nitric 
acid added. Silica and organic matter cause erroneous results when 
present, while chlorides, iron (to the extent of o.i to 0.3 gm.), etc., do 
not. 

In the Examination of Titaniferous Iron Ores, T. M. Drown and 
P. W. Shimer {Am. Chem. Jour., iv., i), treat the ore (2 to 5 grns.) 
with 50 C.C. of HCl (sp. gr. 1.12), evaporate to dryness and heat in 
the air-bath for an hour, add 50 c.c. more HCl, heat and filter; tur- 
bidity in the washings is prevented by the use of ammonium nitrate. 
The phosphoric acid is extracted from the residue by fusion with 
sodium carbonate, extracting with water, evaporating to dryness with 
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nitric acid to remove silica, etc. Molybdate mixture may then be 
added to the solution. In the first solution (obtained by HCl) the 
HCl is removed by evaporation with nitric acid, when, after par- 
tially neutralizing, molybdate solution is added. This last molybdate 
precipitate requires purifying by dissolving in ammonia, treating the 
undissolved residue with nitric acid and precipitating that solution 
with more molybdate. After obtaining all the ammoniacal solutions 
of the phospho-molybdate free from silica, titanic acid, etc., they are 
united and precipitated as usual with magnesia mixture. 

For Titanic Acid these gentlemen decompose the ore by fusion 
with KHSO^, and after neutralizing and reducing with SO,, precipi- 
tate by boiling as usual. P. T. Austen and F. A. Wilber {Am, Chem. 
Jour,^ iv., 21 1) find that the addition of 50 to 60 c.c. of acetic acid aids 
materially in the precipitation of the titanic acid, giving good results 
on boiling, even when chlorides are present. The last-named decom- 
pose the ore by fusion with alkaline carbonates and treating with 
HCl, evaporating, etc. 

For the Determination of Carbon and Silicon in Iron^ Steely etc^ 
F. Watts (Chem, News^ xlv., 279) gives the preference to a modification 
of Wohler's method — volatilization of the iron in a stream of CI gas, 
and making a combustion of the carbon remaining. Two operations 
are required for each analysis. In the first, after volatilizing the iron 
in a current oi dry chlorine free from oxygen, the residue is submitted 
to combustion, and the total carbon is thus determined. In the second 
the residue (after volatilizing iron) is weighed, giving total carbon and 
slag^ while the gases from this operation are passed into water, where 
the SiCl^ is decomposed, and by boiling, evaporating to dryness, etc, 
the SiO, corresponding to combined silicon is obtained. 

Soda Compounds may be estimated in potassium carbonate, ac- 
cording to A. Van Hasselt {/our, Soc, Chem, Ind., i., 203), by treat- 
ing a weighed quantity (converted into chloride) with HCl (sp. gr. 
1.189), saturated with NaCl. 

To Estimate Caustic Alkali in Presence of Carbonate^ R. B. War- 
der {Sci. Proc, Ohio Mech, Inst,, i., 45) uses a process based upon 
the fact that phenol-pthalein is colorless in the presence of alkaline 
bicarbonates. On titrating a very dilute solution of the sample (cold) 
until the phenol-pthalein which has been added imparts no color to 
the solution, all the caustic and half of the carbonated alkali is neu- 
tralized, giving a result A. Then by boiling and titrating the remain- 
der of the alkali is neutralized, result B. A-f B measures total alka- 
linity, and A— B measures caustic alkali. 

To Detect and Separate Alkalies in Argentic Nitrate^ M. Stolba 
{/our, de Pharm, ei de Chim, ) uses hydrofluosilicic acid. 

Chromic Acid in Potassic Dichromate is determined by M. Richter 
(Fres, Zeits, Anal, Chem,,, xxi., 205) by the use of phenol-phthalein 
as an indicator. Many other indicators cannot be used on account of 
the oxidizing action of the chromic acid upon them. 

A New Indicator for Alkalimetric Titration is made by J. Oser 
and W. Kalmann (Monatshefte f Chemie, ii., 50) by fusing hydrorufi- 
gallic acid with potassa. It dissolves in alkalies with an olive-green 
tint ; a slight excess of alkali gives carmine red, changed to yellow by 
firee mineral acids. It is unaffected by CO,. 

To Determine Zinc in its ores, A. Millot {Bull, Soc. Chim,,, xxxviL, 
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339) recommends dissolving with HCl and KCIO, evaporating, add- 
ing ammonia and ammonium carbonate, diluting the filtrate therefrom, 
and in an aliquot portion of this filtrate, adding a little KCy and pre- 
cipitating by the battery. The addition of ammonium acetate prevents 
the corrosion of the electrodes. 

/// Titrating Zinc by Fahlberg's method, manganese must be first 
separated to obtain correct results (R. W. Mahon, Am, Chem, Jour,, 
iv-> 53)- ^^ titrating with Na,S, the use of paper soaked in thallium 
solution is recommended by M. Schroder {Berg, u, Huttenmann, Zeit,, 
1882, p. 4) as an indicator. If a slight excess of ammonia is present, 
the thallium salt is unaffected by ZnS. 

To Separate Nickel front Cobalt, G. Delvaux (Comptes Rendus) dis- 
solves in aqua regia with excess of HCl — adds ammonia in excess, 
then potassium permanganate until the rose color holds for some 
time. Solution of pure KHO will then precipitate nickel (with manga- 
nese if present), leaving cobalt in solution. In case small amounts 
of nickel and large amounts of cobalt are present, A. Jorissen {Fres, 
Zeits. Anal, Chem,, xxi., 208) precipitates with NaHO, adds bromine, 
then a few c.c. of KCy, and agitates in the cold. The cobalt is dis- 
solved while the nickel remains in the precipitate. 

Chromium is estimated (as base) by A. Carnot {Bull, Soc. Chim,, 
xxxvii., 482) by adding sodium acetate to the solution slightly acidi- 
fied, adding an alkaline phosphate and boiling. The presence of oxa- 
lates should be avoided. The precipitate dried at 100° contains 6 
H,0. Ignited it consists of Cr, (PO J, , containing 51.86 per cent. 
Cr,0.. 

In the Examination of Iron Ores, etc, Containing Chromium error 
may be caused, according to B. Reinitzer {Monatsheftef, Chem,, 1882, 
p. 249), by the chromium preventing the precipitation of some of the 
iron and alumina on boiling the solution after neutralizing and adding 
sodium acetate. 

For the Detection of Impurities in Copper several chemists com- 
municate their methods — 

For Arsenic, J. Pattinson {Newcastle-on-Tyne Chem, Soc, Febru- 
ary, 1882) dissolves in nitric acid; then by adding sufficient soda 
solution to a little more than neutralize the free acid present, the 
arsenic is precipitated as copper arsenate ; after standing for half an 
hour with frequent stirring the precipitate is filtered and washed cold. 
The arsenic is thus concentrated in the precipitate. A. H. Sexton 
(Chem, Ne^vSj xlv., 255) prefers to precipitate the arsenic from the 
nitric acid solution (by adding ferric nitrate, neutralizing, adding so- 
dium acetate and boiling) as basic acetate. The precipitate is dis- 
solved in acid, precipitated by H,S, oxidized to arsenic acid, and de- 
termined as the magnesia compound. 

For Cadmium, A. Orlowski {Fres, Zeits, Anal, Chem,, xxi., 214) 
first removes Bi if present, acidifies with HCl, decolorizes by SnCl, , 
adds milk of sulphur and heats to boiling. This precipitates the cop- 
per as Cu,S. From the filtrate the tin is removed, by ammonia, leav- 
ing the cadmium to be detected in the solution. Another method by 
the same author is proposed, in which sodium thiosulphate is substi- 
tuted for SnCl, and milk of sulphur. In other respects it is the 
same. 

The Detection of Cuprous Compounds in Presence of Cupric, the 
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same author {loc, cit) proposes to effect by acidifying with HCl and 
boiling with milk of sulphur. As above, cuprous sulphide will pre- 
cipitate, while the cupric compounds are unaffected. 

An Elaborate Scheme for the Examination of Commercial Copper for 
gold, silver, lead, bismuth, antimony, tin, arsenic, iron, cobalt, nickel, 
zinc, sulphur, and phosphorus is given by R. Fresenius {Fres. Zeits, 
Anal, Chem., xxi., 229). 

Bismuth is Determined Volumetric ally by \f. M. P. Muir {Jour, 
Lond, Chem, Soc.^ xli., i) by separating it from other metals, as oxy- 
chloride, converting this compound into chloride, dissolving in glacial 
acetic acid and precipitating bv excess of standardized solution of 
K,C,0,. The precipitate is K,C,0,, Bi, (C,0,),. The excess of 
oxalate is titrated with permanganate. 

For the Volumetric Determination of Antimony^ E. T. Herroun 
(Chem, NewSy xlv., loi) converts the antimony into SbCl^ by treat- 
ment with HCl and KCIO, , boiling gently to expel excess of chlo- 
rine, cooling and adding an excess of KI. The iodine freed by the 
action of the SbCl^ is then titrated with the standardized solution of 
sodium hyposulphite. 

Tin in the Presence of Antimony is detected by M. M. P. Muir 
(Chem. News, xlv., 69) by boiling the HCl solution for ten minutes 
with copper turnings which reduces it to stannous form and permits 
of its being detected by Hg CI,. 

To Detect Small Amounts of Silver in Lead (reduced from galena, 
etc.), J. Krutwig {Ber. D. Chem. Ges., xv., 307) dissolves in nitric 
acid and precipitates with large excess of NaHO. Silver plumbate 
remains insoluble. By extracting with ammonia, evaporating to dry- 
ness, dissolving in nitric acid and separating the lead by H^SO^ , a 
solution is obtained in which the silver may be detected with HCl. 

To Separate Gallium from Zinc and Ferrous Oxide, L. deBoisbau- 
dran {Comptes Rendus, 1882, No. 17) uses cupric hydrate instead of 
barium or calcium carbonate. The copper may afterward be separated 
by dissolving and adding H^S. 

Experiments and Improvements in the Mines of Prussia Du- 
ring 1881.* 

Mining Tools, Hydraulic Wedge. — Of late years many attempts have 
been made to find a substitute for blasting-powder in fiery coal mines. 
Blasting with cast iron cartridges, burst by highly compressed air, and 
with quicklime suddenly and completely saturated by water, have been 
tried lately in England with more or less success. The Dubois-Fran- 
cois " Bosseyeuse," a mechanical wedge driven by compressed air, has 
been used successfully and on a large scale in Belgium. Hydraulic 
wedging after I.evet's system has been employed in France, and 
lately at the Friedrichsthal coal mine near Saarbruck. In this latter 
machine the wedge, attached at its thinner end to the piston-rod of 
the hydraulic jack, is inserted thick end foremost into the bottom of 
the bore-hole, between two feathers of steel. These feathers, pro- 
vided with grooves to permit the passage of the piston rod, fill the 
upper part of the bore-hole completely. The hydraulic jack is pro- 

* From the Zeit. f. d, Berg-Hutten u. Salinenwesen, xxx. (1882), p. 230 et seq. 
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vided with a reservoir to hold the necessary water, and is worked by 
a long rod so that the workman may stand at a safe distance. On 
working the pump the water is forced behind the piston, the wedge is 
drawn outward between the feathers, and the coal, previously under- 
mined or holed, is broken down. To avoid injury to the apparatus it 
is fastened by a safety chain to a plug driven into the roof or wall. 
Some trouble was experienced at first from the wedge not being 
drawn out enough to break the coal. Another difficulty arose from 
the slipping of one of the feathers, while the other remained in place, 
resulting in the bending of the piston-rod. These defects were 
remedied by the use of a thicker wedge with longer stroke, provided 
with thicker feathers, which latter were provided with dowel-pins so 
that one feather could not slip on the other. Working drawings of 
the machine are given in the original text. 

Five-minute Sand-glass is used at the Konigsgrube in Upper Silesia, 
to prevent accidents to workmen from blasts which have hung fire, 
the men being forbidden to approach the working-place after firing 
till the sand has run through twice. These glasses cost seven and a 
half cents and are fastened to the inside of the lid of the tin powder- 
can. 

Machine Drills have now been used for fiwtt and a half years in the 
Communion Mine on the Ranimelsberg. Thirteen drills are in use, 
three Meyer-Kuster, three Darlington, one Schramm, two Frolich, 
and four NeilL* Of these the last named has proved best adai)ted to 
the work. The drills are mounted on carriages, frames, tripods, and 
screws, and hydraulic columns of different forms. Of these Neuer- 
burg*s universal support and a hydraulic column have proved most 
serviceable and will replace other forms of support. The tripod sup- 
port is found cumbrous and of limited usefulness. 

The best method of cleaning the bore-hole has been the subject 
of much experiment, but the simplest way has been found best. Since 
1878 the use of special water-jet devices has been gradually abandoned 
as ineffective. Ascending holes are now bored dry, and other holes 
wet, water being poured in by hand in the ordinary way. Two men 
are now required to one drill ; formerly five men served two drills. 
The men have grown more skilful, and it has been found practicable 
to use cheaper labor, younger men, for the drills. Drilling, both hand 
and machine, is let by contract and payment is based on the depth of 
hole and the toughness of the rock, so that a miner of medium skill 
and industry shall earn about sixty-two cents per ten hour shift. In 
lead ores the price per metre varies from 17 to 25 cents, in pyritifer- 
ous ores from 59 to 62 cents. The average price per metre is twelve 
and fourteen and a half per cent, respectively, less than the year be- 
fore. This gain is due in part to improved drills, in part to gi eater 
skill of the men, partly to decrease in the toughness of the rock at 
several places, and finally to the employment of cheaper labor as 
already noted. Numerous comparative tables are given, showing in- 
creased saving in cost of ore from year to year from the use of 
machine drills. 

* An impruved form of the Darlington drill used at this mine, suggested by an 
American student. 
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Storage of Explosives Underground, — In the coal mines of Upper 
Silesia, to avoid the inconvenience of distributing explosives above 
ground, a supply of powder and dynamite is kept underground and 
there issued to the miners. 

Quick Work in Drifting. — At the Annen coal mine, in bed No. i, 
dipping 8° to io°, and 4 feet thick, a gangway eight feet wide was 
driven 203.5 yards in 26 working days, or nearly 8 yards per day. 
The work was divided in four shifts, three miners and one trammer m 
each shift, or sixteen men all told. These men also laid the track 
and put in the few timbers that were required. The rapid advance 
was mainly due to the fact that at this mine each gang of men received 
pay separately for the work done, the gangway being measured at the 
be^nning and end of each shift. This involves considerable super- 
vision, but results in very rapid work. 

Longwall Working at the Mansfeld Coal Mine, at Langendreer. — 
This method was tried experimentally in bed No. 6, having a dip of 
12° and a thickness of 50 inches. Above this bed is a bituminous 
slate, nearly two yards thick, which separates easily from a smooth and 
wet overlying sandstone, 3^ to 4^ yards thick. Below the coal is a 
bed of rock which swells strongly in contact with air. Under these 
conditions it is desirable to adopt a rapid method of exploitation 
which shall expose the workings as little as possible to the influence 
of the air. The longwall system of working was tried experimentally 
on a pillar 44 yards wide — work being started on the upper side of 
the pillar to take advantage of the ** cleat" of the coal, and thus ob- 
tain the coal in larger pieces. Timber was used when required for 
safety, and the worked-out space filled with rock. Pack walls were 
built along the gangways. At first a space of 5^ yards was kept 
along the face for working room. As fissures appeared in the roof it 
became necessary to reduce this to i^ or 2 yards and to use timber 
cribs filled with rock to withstand the pressure. After working 
about twenty-two yards in this manner the roof became so fissured 
that it caved in between the filling and the face of coal, and the nar- 
row space in front of the face could not be kept clear. The same 
thing resulted, even when pillars of coal were allowed to stand, and it 
was found impossible to keep open the space of i^ yard which was 
necessary for the getting of the coal. 

Working of Large Deposits with Rock Filling. — In the Stassfurt 
salt mines, this method of working has been adopted, and the potash 
beds are now worked out completely and the space filled with rocky 
instead of leaving pillars as formerly. 

Pillar Working in Thick Coal Beds. — In robbing the pillars of the 
thick coal seauts of the Konigsgrube, Upper Silesia, it is now custom- 
ary to leave a protecting rib of coal 3^ to 4^ yards thick next the 
goaf and over the gangway, and not to begin working at the end of 
the pillar as heretofore. The advantages of this method are: ist, 
additional safety to the miners ; 2d, less loss in working the pillar 
through the firm temporary support given by the rib of solid coal ; 
3d, saving in timber and timber man's wages ; 4th, the bad air of the 
goaf is better shut off, and loss of fresh air into the goaf prevented, 
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at least during the working of the pillar, and the danger of goaf fires 
is lessened. In case of fire in the goaf it can be better confined, and 
the working out of the pillar can be effected without difficulty. 

Cast4ron Water-tight Tubbing in a Gangway. — In the deep mine 
Krug von Nidda of the Iserlohn zinc mines, a cross-cut from the new 
shaft at a depth of 130 m., encountered a fissure containing large 
quantities of water, in the wet season over 500 gallons per minute. 

This fissure had already been encountered in sinking the shaft, and 
it was found necessary to hne the shaft with tubbing. To avoid the 
permanent inflow of the large quantity of water through the cross-cut 
into the mine, it was decided to line the cross-cut through the fissure 
with tubbing. In the cross-cut the fissure has a width of about one 
yard and is filled with a sandy clay, and is accompanied on either side 
with a number of smaller crevices running parallel with it. The tub- 
bing had therefore to be continued for a distance of nearly nine yards 
north and south of the fissure, so that its total length is 46.5 feet. 
Each tubbing ring is composed of eight segments, 20 inches in height 
and 40 inches in length, and 1.4 inch thick, so constructed that they 
can be bolted together. Each segment has flanges 4^ inches in 
width. The diameter of the ring is 9 feet. Thirty-two such rings are 
required in the 46^ feet of cross-cut. Both of the wedging cribs are 
each 10 inches high and 20 inches in breadth, and composed of eight 
segments. The ends of the tubbing-lining were so chosen that the 
beds of the wedging rings were in solid rock. These beds were cut 
accurately perpendicular to the axis of the cross-cut, and their con- 
struction required care and time. The work of lining began at the 
south wedging-ring, which was wedged in as usual. Then the space 
in front of the wedged ring was lined with masonry, and the first rings 
of the iron lining rest inside this masonry. The placing of each 
tubbing ring in position was accomplished by laying the lowest seg- 
ment first, and upon it the others, building upward and screwing to- 
gether temporarily. The thickness of the wood packing between the 
flanges of each segment was three- eighths of an inch. The space be- 
tween tubbing and rock was carefully wedged in with wood ; and at 
the fissure wooden braces were employed so as to guard against dis- 
placement of the tubbing. The alignmentVas controlled by a tightly 
drawn wire in the axis of the cross-cut. Water being present only in 
small quantities, as the work was done in the dry season, was removed 
by aid of hand-pumps, until sufficient progress had been made in the 
work to permit it to flow off naturally. 

After all of the rings but three had been put in place, the northern 
wedging ring was put in place and wedged like the southern, and the 
space in front of it also lined with masonry, and two tubbing rings 
screwed on and the measures taken for the segments of the last ring. 
After putting in place the last piece, the screws were removed and the 
wedging of the joints was effected with small wedges of pitch pine ; 
bolts were finally bored through the wood, the bolts drawn in and the 
holes completely tightened by means of hemp and litharge. The 
whole tubbing lining has completely resisted the water-pressure of 
eleven atmospheres which it bears at present. But unfortunately 
water has found its way recently into the cross-cut north of the tubbing 
which will necessitate an extension of the present lining. H. S. M. 
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Timbering Underground Roads in Collieries.^ — In the winning of 
coal seams under a tender roof, the ordinary mode of timbering the 
gob roads through the goaf behind the stalls or working faces is at- 
tended with the disadvantage that the weight of the roof, as it settles 
down on the pack walls, crushes the timber beneath it ; the timbering 
has consequently to be renewed several times over, and the fallen 
roof has also to be cut down over the road for preserving the requisite 
headway. In some collieries, accordingly, the practice is purposely 
followed of timbering lightly at the outset, until the pack walls have 
become thoroughly consolidated under the full pressure of the roof 
upon them. 

To obviate the difficulties thus experienced, in working a seam four 
feet thick under a very tender roof, the author has had recourse to the 
expedient of tapering off the feet of the uprights or legs in the timber 
frames or trestles supporting the roof over the roadways. The fir legs 
are cut taper by a circular saw to a height of about two and one-half 
feet from the bottom, and in addition two longitudinal saw-cuts are 
run up to the same height in the tapered length. The legs are thereby 
weakened in such a manner as ensures their gradually crushing down 
at foot under the increasing pressure of the roof ; while their upper 
portions, together with the oak headtree or cap -piece forming the top 
of the frame, remain whole and sound, for permanently supporting the 
roof after it has finally settled down on the pack walls. The bevel is 
cut on the convex side of the leg, and that side is turned outward 
toward the pack wall, so that the leg in crushing shall press outward 
against the wall, instead of yielding inward toward the road. The re- 
quisite headway is secured at the time of constructing the road, by 
cutting up into the roof to such an extra height as will allow for the 
full extent of settlement that subsequently takes place. The headtree 
of each frame, resting at its ends on the top of the legs, is further sup- 
ported in the middle by a pair of slanting struts, notched into the legs 
at about the level of the top of the coal seam ; and each leg is bol- 
stered behind the notch by a short round billet of old timber packed 
in between the leg and the wall. The result of this mode of timbering 
is that the whole of the roof over the timbered roadway settles down 
bodily, retaining what little strength it originally possessed ; and no 
subsequent repairs have been found to be required for keeping the 
road open. The cost per frame — including cost of timber, cutting the 
legs, and labor of fixing in place — is altogether from 30 to 36 cents. 
The average wages for driving, packing, and maintaining the roads, 
have amounted to considerably less, per ton of coal raised, than had 
previously been paid for only packing and maintaining them, exclusive 
of the driving. The average consumption of timber per ton of coal 
raised has also been diminished by about 4 cents, through the saving 
thus affected in the timbering of the roadways alone. 

Iron Rods for Roof Laths, ^ — In place of the ordinary wood spiles, 
slabs, or laths, lying on the top of the frames and supporting the roof 
between, the author has substituted wrought-iron rods 0.4 inch square, 
which are allowed to sag down between the frames to an amount equal 
to one-eighth or one-fourth of their length, so as to bring their tensile 

' H. Daburon : Bulletin de la .Society de Tlndustrie min^rale, 1880, vol. ix., pp. 
783-883. * Ibid. 
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strength largely to the aid of their mere transverse strength. The ends 
of the rods are bent over by the smith to form eyes of about one inch 
inside diameter ; these are turned upward against the roof, and are 
wedged in tight between the roof and the frame headtree ; where an 
iron rail set on edge is used for the cap of the frame, instead of a tim- 
ber headtree, the ends of the rods jam fast behind the rail-head. The 
eyes have the advantage of giving the rods more elasticity to meet any 
excess of pressure from the roof they are supi)orting. The frames, 
being each pulled with equal force in opposite directions by the roof- 
rods, are thereby strongly braced to one another. With frames spaced 
three and one-quarter feet apart, the roof-rods are cut in four feet 
lengths to allow for forming the eyes. On inclined roads eight rods 
per frame are employed, at a cost of about 36c. ; on level roads six 
are sufficient, costing 27c. . With a proper tool the smithing of the 
eyes is done for 30c. per hundred rods. 

This plan of supporting the roof was first tried in ninety yards' 
length of an air-way, where the roof was very bad and exerted a very 
heavy pressure. The headtrees of the frames were some of them of 
wood, and others of iron ; several were broken under the weight of the 
roof, as were also some perfectly sound wood roof laths in the neigh- 
borhood ; but of the iron rods not a single one gave way. Subse- 
quently the iron rods have been generally employed by the author for 
the roof of all gate roads that have to be kept open permanently ; it 
has been extremely rare to find one broken, and the cost of mainte- 
nance is nil. The ends of the rods require to be keyed securely, 
which is best done with flat stones, or else with old oak wedges. To 
preserve them from rust, the rods are dipped hot in tar. Rods only 
one-third inch square have also been used in return air- ways, and are 
found thus far to stand equally well, but for the gate-roads it is con- 
sidered more prudent at present, pending longer experience, not to 
use rods less than 0.4 inch square. — {Abstracts Inst. C, -£*., London,) 



Ore Dressing. 

Cleaning Coal by an Air -Blasts — The use of an air-blast for 
cleaning coal is the invention of Herr H. Hochstrate, manager of the 
Rhein-Preussen Colliery, Romberg, by whom it has there been prac- 
tically carried out. The coal corves from the pit are tipped over a 
Briart grating having bars 2 inches apart; and the stuff that falls 
through is fed by a screw-creeper into the open upper end of a sizing 
trommel or cylindrical screen, 5 feet in diameter and 14^ feet long, 
which rotates at 16 revolutions per minute on a shaft slightly inclined 
to the horizontal. The trommel has four sizes of mesh, commencing 
at the upper end with 0.27 inch, which is followed by 0.47 inch, and 
then by 0.67 inch, and terminating with 0.87 inch mesh at the lower 
end ; all larger stuff up to 2 inches size, falling out of the open lower 
end of the trommel, is conveyed away upon an endless travelling 
band, by which it is delivered into wagons without undergoing any 
cleaning. For each of the four meshes of the trommel is provided a 
blowing fan, running at 800 revolutions per minute, in a casing 5 feet 

* Messrs. Basiaux and Leonard, Revnie universelle des Mines, 1881, vol. ix., 
PP I35-I39- 
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in diameter and 20 inches wide, and delivering a horizontal blast 
transversely beneath the trommel. The four sizes of stuff passing 
through the trommel meshes fall through the blasts, and are caught 
upon perforated plates, which slope gently downward from the blast. 
Down these plates the stuff slides, impelled by the blast, which mean- 
while blow§ all the slack out of it into a collecting chamber beyond. 
The bits of shale are heavy enough to fall through the perforated 
plate upon an endless band beneath, which carries them backward 
against part of the blast's force, and delivers them upon a longitudi- 
nal travelling band, whereby they are conveyed away. Owing to 
their lightness the bits of clean coal, aided by the blast, are able to 
pass over the holes in the perforated plate, instead of falling through 
with the shale ; they drop off the further end of the plate into a sepa- 
rate hopper beneath. The slack chamber is divided into three com- 
partments by transverse baffle-partitions, so as to allow the dust to 
settle ; and a jet of steam is introduced into the last compartment, to 
prevent any escape of even the finest dust. The slack settling in the 
first compartment is conveyed away by a screw-creeper, and delivered 
by a bucket-elevator into wagons which take it to the coke ovens. 

Results of Working, — In treating with this apparatus 2,298 tons 
of stuff as it came from the pit's mouth, the classification effected was 
as follows : 

a. Coal too big for the 2-inch grating, . . . 608.7 tons = 26.5 per cent. 

b. Stuff from open lower end of trommel, . . 492.9 ** =21.4 ** 

c. Shale, 37.4 " = 1.6 '* 

Not exposed to the Air Blasty. . .1,139.0 " =49.5 ** 

d. Cleaned Coal, four sizes up to 0.87 inch, . . 504.6 ** =22.0 " 

e. Slack, 5I4-I ** = 22.4 ** 

/. Shale 140.3 " = 6.1 ** 

Cleaned by the Air Blasts . .1,159.0 ** =50.5 " 



The cleaning here takes effect upon half the original quantity of 
stuff, and separates 6. i per cent, of shale. But as the cleaned coal 
d is still too dirty, containing as much as 7 per cent, of ash — while 
also the shale /is too rich, containing 45 to 50 per cent, of coal — it 
is intended further to clean the four lots d by washing them in a con- 
tinuous washer — letting the stuff fall into an upright trunk, through 
which flows an ascending stream of water, with a current strong 
enough to carry off the coal by an overflow at top, while the shale 
settles down through the water to the bottom. 

Advantages. — Although the coal is less thoroughly cleaned by the 
air-blast than by washing, yet the stuff undergoes so much less hand- 
ling, that both coal and shale sufter less breakage ; and, instead of 
producing slimes too dirty to be used for coking, the air-blast makes 
no slimes at all, but yields slack good enough for that purpose. Both 
the cleaned coal and the slack are all. the better for being dry ; and as 
no water is used, the work is not interfered with by a severe winter. 

Cost, — The cost of an establishment for cleaning 500 to 600 tons 
per day is about $7,500, including the cleaning machinery, build- 
ings, coke ovens, 25-HP. engine and boiler, and shafting, etc. At 
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Rhein-Preussen Colliery the entire working expenses for cleaning 600 
tons per day average 1.6 cent per ton, or only about one-third as 
much as washing would come to. {Abstracts Inst, C, E,^ London,) 



Railroad Engineering. 

On laying Permanent Way at the Rate of One Mile per Day,^ — 
The author gives particulars, from personal experience, of the cost, 
etc., of laying permanent way, at the rate of one mile per day, upon 
a line now in progress in Texas. 

The rail is of steel, weighing fifty pounds per lineal yard, rolled in 
30 feet lengths, with fished joints, and spiked to the sleepers, which 
are 2 feet apart, centre to centre. The material train, worked by a 
locomotive, is made up of ten wagons of sleepers (one hundred and 
thirty-five per wagon) at the rear of the engine, and three wagons of 
rails (sixty per wagon) in front, being sufficient material for half a mile 
of road. This train starts for the front, with the men, at about 6 a.m., 
and returns with them (and the empty wagons) at mid-day, for dinner ; 
after which they again take forward the material sufficient for the sec- 
ond half-mile. The depots of sleepers are about eight miles apart. 
The organization is as follows. A gang of thirteen men is employed 
in laying and spacing out the sleepers ; this includes three unloaders, 
six spreaders, and four men for spacing lining, etc. The rail-gang 
comprises eleven men, including the ganger, which lays out the rails 
in position and to gauge. This is followed by the front gang of spik- 
ers, which numbers thirteen, and only spikes every fifth sleeper, in- 
cluding those next the rail-joints ; the intermediate fastenings being 
put in by the back gang of spikers, comprising fifteen men, which also 
fish the joints. Besides these gangs, there is one of sixteen men, for 
loading and unloading sleepers ; another, of five men, for lining the 
sleepers ; and a third, of fifteen men, as ** back-fillers." There is also 
a man accompanying the train, to take care of and repair picks, shov- 
els, etc. ; and a water-boy attached to each gang. The following are 
the details of expenses for each working day, and includes feed, etc., 
of mules used in hauling sleepers, the rail-lorry, water, etc. 

I manager, $5.00 

I timekeeper, 4.00 

7 gangers, (at $3.00) 21.00 

4 men— camp ganger, blacksmith, ) C' 2 21;'^ o 00 

and watchmen, ) ' * ^ • 3-' v 

24 men, (** 2.00) 48.00 

18 mule-drivers, (** 1.80) 32.40 

65 men, (** 1.50) 97.50 

8 water-boys» (** 1.25) laoo 

Feed of 40 mules, 15.00 

Fuel and wages on train, 24.00 

10 per cent, for wear and tear, 26.60 

$292.50 

The above force does not include that necessary for lifting and 
finishing the road. (Abstracts Inst. C, E,, London,) 

' W. M. Johnson, Engineering News, New York, April 22, 1882. 
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The Gravity Coal- Piers at Hoboken} — ^The principle u])on which 
these piers are constructed is very simple, but applied upon a large 
scale. The arrangement will perhaps be best understood from a de- 
scription of the journey performed by each coal truck. On leaving 
the yard, a train of trucks, detached from its engine, runs down an in- 
cline about one thousand five hundred feet in length to the land end 
of the pier, where it reaches a steep uphill incline. Each truck is here 
attached to a rope driven by a stationary engine and drawn up the slope. 
To prevent the cars running backward in the event of the rope breaking, 
inclined wooden bars are placed in the four-foot way, so as to form a 
kind of straight ratchet. These inclined bars are so arranged that the 
front of the ascending car meets them and pushes them down. As 
soon as the car has passed, the bars resume their original position, and 
should it begin to run back, its progress would be immediately arfCsted 
by striking against the projecting ends of the bars. *^" 

On reaching the top of the incline the truck turns a vertical comer, 
and, released from the rope, continues its journey down a falling gra- 
dient toward the seaward end of the pier. At some point in its prog- 
ress the truck is stopped by brake-power, in order to discharge its 
contents down a shoot into the hold of a ship standing alongside the 
pier. It then proceeds empty to the end of the pier, when it uses up 
its momentum in running up a vertical curve terminating in buffer 
stops. On reaching these stops the truck begins to roll back again, 
and, its direction being determined by a pair of points, runs down a 
plane (inclined in the contrary direction to that which it traversed on 
its outward journey) till it reaches the coal yard. 

It will be seen from the above description that the pier consists of 
two stages, the upper, reached by a short and steep ascent, inclines down 
toward the sea, the lower laid in one continuous gradient from the sea- 
ward end to the shore. The upper stage is in the centre of the pier 
and carries two lines of rails ; the lower stage is divided into two strips 
by the upper, and each strip carries a single line of rails. 

Five of these piers have been erected in parallel lines, the whole 
forming a system of wharves, docks, and basins, capable of accommo- 
dating about a hundred vessels. 

By this system, from the time a car enters the yard loaded until it 
returns to it empty, its circuit of a mile or more calls for human inter- 
vention only where it is attached to the cable to be hauled up the 
slope, and at the delivery shoot. At every other point it moves unat- 
tended, rolling on a down grade by its own weight. Four hundred 
truck loads can be discharged per day at each pier, or two thousand 
loads at the five piers, with a working force, men and engines, that 
would be entirely inadequate on any other system. 

The paper is illustrated by woodcuts, which render the whole pro- 
cess intelligible at a glance. {Abstracts Inst, C. E,, London,) 

Abfs Combined Locomotive and Rope Traction Incline Railway ."^ — 
By this system ordinary locomotives are enabled to overcome the diffi- 
culty of ascending or descending inclines of not more than i in 8.5 of 
steepness ; thus dispensing with the use of toothed-geared locomotives, 
or rope traction, which have a very limited use and require a large out- 

* Scientific American, April 15, 1882. 

* Zeitschrift des Vereines deutscher Ingenieure, 1882, p. 27. 
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lay of capital, especially where at both ends of the incline ordinary 
locomotives are used to carry on the traffic, and where two locomotives 
are perhaps required when one would suffice, if it could traverse the 
whole distance. 

To surmount the difficulty of an incline of i in 8.5, in an otherwise 
easy railway, without adopting the expensive method of cutting levels, 
a rope is laid on rollers between the rails, one end of which is fastened 
to the engine, while the other end, passing round a pulley at the top 
of the incline, is fastened to a train of vehicles sufficiently loaded to 
counterbalance the weight of the locomotive and the tare of the load. 

This counterbalance descends the incline on the same line of rails, 
a passing-place being provided at mid-distance. The passing of the 
counterbalance into the loop and from it again is automatic, and is ac- 
comphshed by outside flanges on the wheels, or by making one side of 
the counterbalance wheels with double flanges, leaving the other side 
wheels without them, or making the ordinary inner flanges of great 
depth in order to be caught in grooves which the ordinary flange would 
pass over. An ordinary locomotive weighing 12 tons can in this way 
ascend an incline of i in 8.5 with a load of 18 tons at a speed of 7^ 
miles an hour. For inclines above i in 8.5, and not exceeding i in 2, 
Abt's system combined with tooth-geared locomotives, could move a 
load of 10 tons as readily as the tooth-geared engine of the Rigi does 
a similar load on i in 4. 

The system is at work on two railways at present, one in Switzer- 
land and the other in Saxony. {Abstracts Inst, C, E.^ London,) 



Metallurgy. 

Treatment of Silver Ores at Batopilas^ Mexico, — At Batopilas the 
ores of silver are crushed and amalgamated to remove the native 
silver. The residues containing proustite, stephanite, etc., are roasted 
with salt and leached with hyposulphite and polysulphite of lime. 
The precipitate is roasted and if no base metals are present it is 
cupelled with lead. (See also Engineering and Mining Journal, 
November 18, 1882.) 

Desilverization of Lead at Przbram. — The lead when litharge can- 
not be sold is desilverized by the Rozan process. The stirring is 
done by a jet of steam instead of by hand. The crystals are retained 
in the boiler by a sieve, but the rich lead is run out through a spout 
and cast into large cakes which weigh several tdhs. These are moved 
by a steam crane and are piled together according to their yield in 
silver. The cooling of the lead to aid the formation of crystals is 
done with water. The process is almost entirely mechanical, and is 
much cheaper and gives better lead and separates less silver than the 
ordinary method by batteries of boilers. T. E. 
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Since our last issue quite a number of changes have been made 
in the Faculty and Corps of Assistants in the School. 

C. A. CoLTON, '73, for so long the Assistant in Mineralogy, has ac- 
cepted the Professorship of Chemistry, Metallurgy, and Mineralogy 
in the Rose Polytechnic Institute at Terre Haute, Ind. His place 
has been filled by A. J. Moses, '82, who, for the past two years, has 
been one of the editors on the Quarterly board. 

F. R. HuTTON, '76, has been promoted, and now holds the positions 
of Adjunct Professor in Mechanical Engineering and Superintendent 
of Motive Power, 

J. K. Rees, '75, has also been promoted, and is now Adjunct 
Professor of Geodesy and Practical Astronomy, and Director of the 
Observatory. 

J. L. Greenleaf, '80, formerly Assistant in Dra^^'ing, is now 
Lecturer and Assistant in Railroad Engineering, with charge of the 
out-door work, while Mr. R. E. Mayer, '79, formerly private assistant 
to Professor Trowbridge, has been appointed to the position in the 
Drawing Academy made vacant by Mr. Greenleafs promotion. 

The trustees have added a new course of lectures to the Engineer- 
ing course given by Adjunct Professor Hutton, on the " Physical 
Properties of Structural Materials," intended to show the relations 
which exist between the methods of manufacture and the economic 
applications of such materials, more particularly iron and steel of 
different kinds. Pig iron has been the subject up to the present, and 
the lectures have proven remarkably interesting and instnictive. 

The increased entrance conditions, which went into effect this 
year, have had the effect of reducing the size of the first class, which 
has but 77 members, while last year, at this time, there were 94 men 
on the roll. The class will have the benefit of the new rule introduc- 
ing Qualitative Analysis into the first year. 

Notwithstanding this loss of 1 7 men, the School has a total of 
264 students, or only two less than last year. The numbers in the 
different classes are : Post-graduates, 3 ; fourth class, 36 ; third class, 
72 ; second class, 76 ; and first class, 77. The proportion of students 
in the different courses are : Mining Engineering, 60 per cent ; Civil 
Engineering, 16 per cent. : Chemistr)', 18 per cent ; Architecture, 6 
per cent Showing, as compared with last year, a slight falling off in 
the mining and chemical courses, and equally slight gains in the other 
departments. 
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The Laboratories and Drawing-room all now close promptly at 
four o'clock. Whether this will give the students sufficient time in 
which to finish the required amount of work remains to be seen. 

The new School of Mines building on Fourth Avenue is progress- 
ing slowly, two stories only having been built thus far. 

The builder, according to the terms of his contract, should have 
the structure roofed over by January ist, and would probably be able 
to do so but for the vexatious delays in the delivery of the building 
stone. This is quarried at Potsdam, N. Y., and should have been all 
cut and delivered by this time, but delays at the quarry and on the 
railroad have been such that the work on the building is nearly at a 
standstill for want of material. 

The plans of tlie building will appear in the next number of the 
Quarterly. 

A regular meeting of the School of Mines* Chemical Society 
was held Thursday, November 9th. 

Mr. Bullman read a paper on the " Artificial Production of Indi- 
go," in which he gave a brief sketch of its history, and a full descrip- 
tion of Baeyer's method for making indigo from methyl-benzine. An 
8x10 sheet, on which the full formulas and reactions were printed 
with indigo, served to illustrate the description. 

An amendment to the By-laws of the Society was proposed, that 
the meetings should be held in the afternoon or evening, as should be 
deemed expedient by the^ officers. 

Messrs. McKenna and Weed were appointed to wait on Professoi 
Chandler and others to make arrangements for public lectures. 

We take pleasure in noting the reorganization of the Engineermg 
Society. It has commenced work again under favorable auspices, 
and the interest manifested by those directly concerned in its advance- 
ment will, we trust, prove contagious, and lead to the establishment 
of the Society as a permanent feature of the school. 

It is well calculated to be of advantage to all who participate in 
its work, and its members should bear in mind that it is not merely 
what the society will do for them, but what they do for the advance- 
ment of the society, that will be of benefit to themselves. 

Two regular meetings have been held under the new management. 
At the first, October 20th, the exercises consisted of a debate on the 
subject — " Resolved, that it is desirable for American engineers to 
adopt the metric system in measures as well as weights." Affirma- 
tive — Messrs. Channing and Powell ; Negative — Messrs. Adams and 
Suter. Aso a paper on the Chanoine Dam, on the Ohio River, by 
T. J. Brereton. 

At the second meeting, November 3d, papers were read on the 
following subjects : " The Hudson River Tunnel," by A. L. Walker ; 
"llie Coney Island Pier," by J. M. Carrere ; and "The Value of 
Practical Mechanical Knowledge to the Civil Engineer," by S. W. 
Balch. 

In addition to the regular work of the society, consisting of de- 
bates and papers by the members, it is intended to have a course of 
lectmes open to the public. 
5 
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The first of the series was delivered at the meeting of November 
loth, by Professor J. S. Newberry, on the subject, ** The Influence of 
Coal upon History." The lecture was most interesting, and the size 
and character of the audience were a gratifying assurance of the suc- 
cess of the undertaking. 

The lectures are to be of a popular character, which will rtiake 
them valuable and instructive to those interested generally in scientific 
matters, as well as to the students. 

The next one will be delivered at the meeting of December 15th, 
by Professor J. K. Rees. The subject has not yet been announced. 

The officers of the society for the present term are : G. A. Suter, 
President ; F. Powell and T. J. Brereton, Vice-Presidents ; A. L. 
Walker, Secretary ; G. H. Abeel, Treasurer. 



ADDITIONS TO LIBRARY OF THE SCHOOL OF MINES 

SINCE MAY. 



MATHEMATICS, 

Barlows Tables of Squares, Cubes, Square-roots, Cube-roots, Reciprocals of all 

Integer Numbers up to io,ocx>. 8vo, 200 pp. London, 1875. 
Vega. Logarithmisch-Trigonometrisches Handbuch.* Svo, 575 pp. Berlin, 1881. 

ASTRONOMY, 

The Astronomical Register. Serial. London, 1882. 

Copernicus. An International Journal of Astronomy. Serial. 4to. Dublin, 1882. 

Ciel et Terre. Revue Populaire d' Astronomic et de M^t^orologie. Published 

monthly. 
Gould, Benjamin A. Ob^rvatorio Nacional Argentino. Vol. II. 4to, 296 pp. 

Buenos Ay res, 188 1. 
Newcomb and Holden. Astronomy for High Schools and Colleges. 8vo, SIZ pp. 

New York, 1881. 
Webb, Rev. T. W. Celestial Objects for Common Telescopes. 8vo, 493 pp. 

New York, 1881. 



PHYSICS AND METEOROLOGY, 

Finley, Sergeant J. P. Report on the Character of Six Hundred Tornadoes. Pro- 
fessional Papers of the Signal Service, No. VII. 4to, 19 pp. Washington, 
1882. 

Greeley, Lieut. A. W. Isothermal Lines of the United States. Professional 
Papers of the War Department, No. II. 

Hazen, Henry A. Reduction of Air-pressure to Sea-level at Elevated Stations 
West of the Mississippi. Professional Papers of the War Department, No. VI. 

Johnson, Arnold B. Aberrations of Audibility of Fog Signals. 8vo, 37 pp. 
Washington, 1882. 

Young, John, M.D. Physical Geography. i2mo, 368 pp. New York. 
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ENGINEERING, 

Diedrichs, John H. The Theory of Strains. 8vo, 108 pp. Baltimore, 1871. 

Edwards, Emory. The Practical Steam Engineer's Guide. 8vo, 41 1 pp. Phila- 
delphia. 1882. 

Evers, Henry. Steam and the Steam Engine. i2mo, 389 pp. New York, 1880. 

Ooodeve, T. M. Text-book on the Steam Engine. i2mo, 296 pp. London, 1882. 

New York State Survey for 1880. 8vo, 80 pp. Albany, 1881. 

Ritter, August. Elementary Theory and Calculation of Iron Bridges and Roofs. 
8vo, 395 pp. London, 1879. 

Stevenson, Thomas. The Design and Construction of Harbors. 8vo, 274 pp. 
Edinburgh, 1872. 

Stevenson, David. The Principles and Practice of Canal and River Engineering. 
8vo, 347 pp. Edinburgh, 1872. 

Swain, Geo. F. Water Power of the Southern Atlantic Watershed. Tenth Cen- 



CHEMISTRY, 

American Pharmacist. New York, 1882. Published every Saturday. 

Berthelot, Marcellin. Chimie organique fondle sur la Synthase. 2 vols. 8vo. 

Paris, 1 86a 
Berthelot, M., et E. Jungfleische. Traits filementaire de Chimie Organique. 2 

vols. 8vo. Paris, 1881. 
Day, Dr. George E. Physiological Chemistry. 8vo, 517 pp. London, i860. 
I>ragcndorff, Dr. Georg. Die qualitative und quantitative Analyse von Pflanzen und 

Pflanzentheilen. 288 pp. Gottingen, 1882. 
Duflos, Adolph, Handbuch der angewandten Pharmoceutisch- und Technisch- 

Chemischen Analyse. 8vo, 432 pp. Leipzig, 1871. 
Ebermayer, Dr. Ernst. Physiologisclie Chemie der Pflanzen. 8vo, 856 pp. Ber- 
lin, 1882. 
Erlenmeyer, Dr. Emil. Lehrbuch der organischen Chemie. Leipzig, 1867. Zwei- 

terTheil: Die aromatischen Verbindungen. Leipzig, 1882. 
Oerbcr, Dr. Nicholas. Chemical and Physical Analysis of Milk, Condensed Milk, 

and Infants' Milk Foods. Translated by Dr. H. Kndemann. 8vo, 99 pp. 

New York, 1882. 
Oerhardt, Charles. Trait6 de Chimie Organique. 4 vols, 8vo. Paris, 1853. 
Hager und Gawalovski . Hager*s Untersuchungen. Leipzig, 188 1. 
Hartung-Schwarzkopf, Dr. H. C. Chemie der organischen Alkalien. 8vo, 550 

pp. London, 1882. 
Jones, H. Chapman. Text-book of Experimental Organic Chemistry. i2mo, 145 

pp. New York, 188 1. 
X^ubenheimer, Dr. Aug. Grilndzuge der organischen Chemie. Heidelberg, 188 1. 
Meyer, Dr. Richard. Einleitung in das Studium der aromatischen Verbindungen. 

8vo, 228 pp. Leipzig, 1882. 
Normandy, A. The Commercial Handbook of Chemical Analysis. 8vo, 480 pp. 

London, 1875. 
Pcnnetier, Dr. Georges. L^9ons sur les Mati^res Premieres Organiques. 1,018 pp. 

Paris, 1881. 
Scbultz, Dr. Gustav. Die Chemie des Steinkohlentheers. 8vo. Braunschweig, 

1882. 
Schwanert, Dr. Hugo. Lehrbuch de pharmaceutischen Chemie. Band L 756 

pp. Braunschweig, 1880. 
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Sonnenkalb, Dr. Anilin und Anilinfarben in toxikologischer und medicinal polizei- 
licher Beziehung. 8vo, 6i pp. Leipzig, 1864. 

Stammer, Dr. Carl. Sammlung von chemischen Rechenaufgaben ; Antworten und 
Auflosungen zu der Sammlung u.s.w. Braunschweig, 1878. 

Thorpe, T. E. A Series of Chemical Problems. i6mo, 88 pp. London, 1882. 

Thudicum, J. L. W. A Manual of Chemical Physiology. 8vo, 195 pp. New York, 
1872. 

Thudicum, J. L. W. Annals of Chemical Medicine, Vol. H. 8vo, 334 pp. Lon- 
don, 1 88 1. 

Weyl, Th. Analytisches Hiilfsbuch fur die physiologisch-chemischen Uebungen der 
Medicinen und Pharmaceuten. 8vo, 30 pp. Berlin, 1882. 

Wittstein, Dr. G. C. Anleitung zur chemischen Analyse von Pflanzen. 355 pp. 
Nordlingen, 1868. 

Wurtz, Ad. Trait6 de Chimie Biologique. Premiere Partie. 

GEOLOG V AND MINERALOG \\ 

Dana, Edward S. Third Appendix to the Fifth Edition of Dana's Mineralogy. 8vo, 

134 pp. New York, 1882. 
Deutschen Geologischen Gesellschaft. Fiihrer zu den Excursionen nach der allge- 

meinen Versammlung in Wien, 1877. i2mo, 184 pp. Wien. 
Geological Record for 1878. 8vo, 496 pp. London, 1882. 
Jahrbuch der Koniglich-Preussischen geologischen Landesanstalt und Bergakademie 

zu Berlin. 2 vols. 8vo. i88o-8i. 
Newbery, Dr. J. S. The Origin and Relations of the Carbon [Minerals; and, 

Historical High Tides as Agents of Geological Change. 2 Pamphlets. New 

York, 1882. 
Cotta, Bernhard von. Rocks Classified and Described. 8vo, 420 pp. London, 1878. 

METALLURGY, 

Holley, A. L. Krupp's Plant and Practice in Gas Producers, Plate Rolling, Rai 

Making, Washing Pig Iron. 8vo, 19 pp. New York, 1881. 
l>debur, A. Die Ofen fiir metallurgische Processe. 8vo, 103 pp. Freiberg, 1878. 

MISCELLANEOUS REPORTS AND TRANSACTIONS, 

Artesian Wells. Municipal Report of the City of Charleston, S. C, 1881. 8vo, 

6 1 pp. Charleston, 1882. 
Catalogue des Brevets d'Invention et de Perfectionnement, 1828-68. 27 vols. 8vo. 

Paris. 
Davenport Academy of Natural Sciences. VoL HI. Part 2. 8vo, 126 pp. 

Iowa, 1882. 
English Mechanic and World of Science. Serial. Vol. XXXV. 1882. 
Fitch, Charles H. Report on the Manufacture of Fire-arms and Ammunition. 

Census Bulletin. Washington, 1882. 
Philosophical Society of Glasgow. Reports relative to Exhibition of Apparatus of 

Gas, Electricity, etc., held under the auspices of the Society in 1880. 8vo, 

133 pp. Glasgow, 1882. 
Patentblatt. Herausgegeben von dem Kaiserlichen Patentamt. Berlin, 1882. 

Erscheint jeden Mittwoch. 
Patents. Victoria. Catalogues and Indexes of Patents from 1854 to 1868. 3 vols. 

4to. Melbourne. 
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Patents. Abstracts of Specifications of Patents applied for from 1854 to 1866. 

I vol. Ac to Bu. 
Rath, G. von. Erinnerungen an die Pariser Weltausstellung, 1878. 8vo, 442 pp. 

Bonn, 1879. 
Rapport administratif sur T Exposition Universelle de 1878 \ Paris. 2 vols. 8vo, 

and illustrative Atlas. 
Symons, Lieut. T. W. Report of an Examination of theJJpper Columbia River 

and Territory in its Vicinity. 4to, 133 pp. Washington, 1882. 
Transactions of the Royal Geological Society of Cornwall. Sixty-eighth Annual 

Report. 8vo, 36 pp. Penzance, Eng. 
U. S. Department of Agiiculture. Report No. 26 : Culture of Sumac in Italy. 

Report No. 28: Culture of the Sugar Beet. Report No. 33: Sorghum and 

Cornstalks. Special Reports, Nos. 43-47: Crop Reports, Cotton Planting, 

etc. Washington, 1882. 

Donations to the School of Mines Library for the Quarter ending 
November 15, 1882. 

Rapport Administratif sur I'Exposition Universelle de 1878 \ Paris ; New York 
State Survey for the year 1880. From President F. A. P. Barnard. 

Chemical Literature. From Prof. H. C. Bolton. 

Reports of the New York Board of Health, 1876-78. From Prof. C. F. Chandler. 

Davenport Academy of Natural Sciences. Vol. III., Part II. From Davenport 
Academy. 

Jahrbuch der Konigl. Preussischen geologischen Landesanstalt und Bergakademie. 
1881. From the Institution. 

Minutes of Proceedings of the Institution of Civil Engineers. Vol. LXIX. From 
the Institution of London Civil Engineers. 

Aberrations of Audibility of Fog Signals. From A. B. Johnson. 

The Origin and Relations of the Carbon Minerals; Historical High Tides as 
Agents of Geological Change. From Prof. J. S. Newberry. 

Transactions of the Royal Institute of British Architects. Session 1881-82. From 
the Royal Institute of British Architects. 

Constants of Nature. Parts IV. and V. From the Smithsonian Institute. 

Annual Report of the Chief of Engineers, 1881 ; Report of the Chief Signal Ofticer, 
1879 J Reduction of Air- Pressure to Sea-Level at Elevated Stations West of the 
Mississippi ; Isothermal Lines of the United States ; Signal Service Tables of 
Rainfall and Temperature Compared with Crop Production. From the U. S. 
War Department. 

U. S. Coast and Geodetic Survey. 1878-79. From the U. S. Treasury Department. 

First Annual Report of the Bureau of Ethnology ; Statistics of Power and Ma- 
chinery Employed in Manufactures ; Water- Power of the Southern Atlantic 
Watershed; Report on the Manufacture of Fire-Anns and Ammunition. 
From the U. S. Department of the Interior. 

Special Reports, 44-47 : On Cotton, Cereals, and Climate. Reports 48 and 49 : Silos 
and Ensilage. Report 50 : Texas Fever of Cattle. From U. S. Department 
of Agriculture. 

professional Papers, No. 7 : On the Character of Six Hundred Tornadoes. From 
the U. S. Signal Service. 

Keport of an Exsmnination of the Upper Columbia River and Territory in its Vi- 
cinity. From the U. S. Chief of Engineers. 

Zeitung des Vereins Deutscher Eisenbahn-verwaltungen, 1882 ; Das Deutscher 
Wollen-Gewerbe, 1882. From Mr. E. G. Hallock. 
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Our graduate lists show many changes since our last issue, some 
of which may be briefly noted as follows : 

1868 — William Allen Smith is now Secretary of the Iron and Metal Exchange 
Company (Limited), of this city, and Van Arsdale has left New York and gone 
West as far as Aurora, III., to take part in the management of the Aurora Smelting 
and Refining Works. 

1877 — Floyd and Rogers have Iwth come to New York, the former to take part 
in the work of providing additional water supply for this city. 

1878 — Davis has returned to New York and opened a School of Mines Prepara- 
tory Sk:hool. Lyman is now Manager of the Stack Mine, at Backbone, Va. Mc- 
Culloh has left Aurora, 111., and is now Assistant Manager of the Senate Smelting 
and Refining Company, at Galena, Idaho. Newberry has been promoted to be 
Professor of Chemistry at Cornell. Palmer has returned to New York. Parker 
has gone back to Georgetown, Colorado, and Perry is now in Mexico in charge of 
mines of the New York Mexican Company. 

1879 — Hollerith is in Boston, having received the appointment of Instructor in 
the Massachusetts Institute of Technology. Ludlow is at Shamokin, Pa. 

1880—** Elliott, Hopke & Mattison, Analytical Chemists," have hnng out a 
sign at 197 Pearl Street, New York. Green is at Doloro, Ontario, with the Can- 
ada Consolidated Gold Mining Company. Kunhardt has returned from his long 
stay in Europe with note-books full of sketches. Wheeler is now Assistant Super- 
intendent of the Vermont Copper Company at Ely, Vermont. 

1 881 — Bleecker has gone to Montana as Assayer to the Alice Gold and Silver 
Mining Company at Walkerville. Chazal is at Villa Rica, Carroll County, Ga. 
Douglas has left Buffalo for the West, and he and Wilson are at Fbrt Wingate, 
New Mexico, as Topographers on the United States Geological Survey, Dunham 
is at Harvard studying medicine. Ledoux is with Ledoux & Ricketts at 10 Cedar 
Street. Neyman has returned from Europe. Sawyer, Steams, and Tuttle have 
returned to New York, and Wiechmann is travelling in Europe. 

Six of our graduates — Munroe, '69, Colbyi '77, Karr, '78, New- 
berry, '78, Palmer, '78, Starr, '79 — have entered the toils of matri- 
mony during the past summer. 

LOCATION OF GRADUATES. 

The following list of graduates, arranged according to locality, is 
interesting as showing how widely scattered are the School of Mines' 
men. It has been compiled with two objects — first to inform those 
who are travelling about this country, and over the world, where they 
may expect to meet fellow-graduates, and second, to inform the older 
graduates of the whereabouts of the younger men in their vicinity (and 
vice versa) that they may be enabled to make each others* acquaint- 
ance. For exact address in each case the reader is referred to the 
Graduate List published in this number. 

Brazil. — Gordon, '71 ; Barros, '77 ; Jordio, '77. 

Canada. — Doloro : Greene, '80. 

Cuba. — Brinckerhoff, '78; Francke, *8o. 

Germany. — Navarro, '80 ; Weichmann, '81 ; Caiman, *82 ; Wittmack, *82. 
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Japan. — Hasegawa, '78 ; Matsui, '78 ; Nambu» *78. 

Mexico. — State of Chihuahua : Holbrook, '76 ; Adams, '78 : Leggett, '79 ; Shel - 

don, * 79. Culiacan: Griswold, *8i ; Roberts, *8i ; Swain, *8i. San Lui 

Poiosi: Perry, '78. Sonora: Olcott, '74; Bush, »8i. 
Peru. — Pazos, '78. 



Alabama. — Noble, '79. 

Arizona. — Clifton : Lindsley, '70. Globe: Devereaux, *78. Tombstone: Church, 

'67; Van Blarcom, '76; Emrich, '82. Tiuson : Milliken, '70. 
California. — Bodie: Noyes, '75; Harker, '79. Mexico: Thacner, '77. North 

San yuan: Browning, '80. Oakland: Downing, '78. Ssn Francisco: 

Adams, '67; Lillienthal, '70. 
Colorado. — Breckenridge : Radford, ^77. Colorado Springs: Parsons, '68; 

Strieby, '78. Denver : Raymer, *8i. Georgeto7vn : Tilden, '76 ; Parker, 

•78 ; Page, '82. Golden : Ihiseng, '75. Irwin : Craven, '76 ; Cornwall, *76 ; 

Reed, '77 ; Cornwall, * 79. Kok^to: Cloud, * 79. Leadville: Bruckman, '69 

Van Wagenen, '70; Murray, '74; lies, '75 ; Bruen, '76; Helleberg, '77 ; 

Nichols, '77; Femekes, '78. Montezuma: Lawrence, '78. Ouray: Mathir, 

'79. Rico: Garlichs, '8a Silver Cliff: Parker, '80. 
Connecticut. — Collinsville : Hill, '82. Portland: IngersoU, '7a Weathers- 
field : WUliams. 
District of Columbia. — Washington: Shumway, '82. 
Georgia — Villa Rica : Chazal, *8i. 
lD\HO. — Galena : McCuUoh, '78. 
Illinois. — Aurora: Van Arsdale, '68. Bloomington : Tuttle, '67. Chicago: 

Giddings, '67. Cummings : Stockwell, '82. Joliet : Brugman, '80. 
Indiana. — Terre Haute : Cotton, '73. 
Kentucky. — EUzabethtown : Reed, '79. 
Louisiana. — New Orleans : Stewart, '75 ; Eastwick, '79. 
Massachusetts. — Boston : Schack, '68 ; Hunt, '76; Hollerith, '79. Cambridge : 

Dunham, '81. AVit/^wr^/tTr/.* Thompson, '75. 
Michigan. — Ann Arbor: Joy, '75. Dela^vare Mine P, O.: Klepetko, '80. 

fshpeming : Fitch, '82. Marquette : Wetmore, '75. Menominee County : 

Cady, '77. 
MissouRL — St. Louis: Robertson, '68 ; Potter, '69; Riggs *7i- /ronton: Mun- 

roe, '79. 
Montana. — Helena: Nettre, '69. Walkerville : Bleecker, '81. 
NEBRASKA. — Omaha : Hoyt, '76. 
Nevada. — Egstn Canon: O'Connor (M. J.), *8i. Winnemucca : Ya.n 'Lcnnep, 

'67. 
New Jersey. — Dover: Canfield, '73. Jersey City: Booraem, '78 ; Downs, 

'82. Newark : Pool, '75 ; Murphy, '78 ; Starr, '79 ; Stone, '79 ; Sands, 

'82. New Brunswick: Austen, '72. Orange: Williams, '74. Princeton: 

Cornwall, '67 ; Marsh, '79. 
New Mexico. — Fort Wingate: Douglas, *8i ; Wilson, '81. Georgetown: 

Smalley, »8o. Silver City : ^o%%'''jKi, Tombstone : ^M^!^^'%\, 
New \oml— Brewster s I Rut t man, '80 ; lUig, '82; Payne, '82; Vondy, '82. 

Catskill: Meserole, *8i. Furnaceville : Parrot t, '70. Hamilton College: 

Chester, '68. Hoosic Falls: Johnson (I. B.), '79. Ithaca: Newberry, *78. 

Port Jervis : Parsons, '82. Potsdam : Heath, '67. Rye : Wainwright. 

Staien Island: Wheeler, '68; Wardlaw, '76. Spuyten Duyvil : Johnson 

(E. M.), '78; Johnson (G. H.), '78. 
New York City and Brooklyn. — 

'67 — Bridgham, Brown, Brownson, Gracie, Hale, Harmer. 

'68 — Barnard, Baxter, Carson, Coursen, Geer, Pistor, Piatt, Schermerhom, 
Smith (L.), Smith (W. A.), Stallknecht. 

'69 — Hooker, Jenney, Munroe, Randolph. 

'70— Haight, Waller. 

'71 — Fales, Goldschmidt, Ricketts, Roberts. 

'72— McDowell. Sloane, Wendt. 

'73— Mott, Webb, Williams. 

'74 — Allen, Benedict, Cameron, Rees. 

'75— Jackson, Leavens, Macy, Pfister, Rees, Rolker, Russell, Tucker, Wells. 
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'76 — Garrison, Gratacap, Hall, Hamilion, Hutton, King, Love, Maghee, 

Morewood, O^Grady, Randolph, Wallbridge. 
'77— Beard, Behr, Buckley. Canfield, Caldwell, Colby. Constant, Cornell, 
Floyd, Hildreth. Ihlseng, Mackintosh, Murphy, Norris, Rogers, Sage, 
Smeaton, Smythe, Van Boskerck, Waterbury. 
'78 — Benjamin, Butler, Cushman, Davis, Drummond, Elliott, Haas, Hodges, 

flolden, Morewood, Morris, Munsell, Noyes, Owen, Palmer. 
'79 — Briiton, DeLuze, Haffen, Hathaway, Hollick, Johnston, Koch, Mayer," 

Merwin, Neftel, Nesmith, Rutherfurd, Suydam, Williams. 
'80— Beebe, Benjamin, Butler, Churchill, Clark, Elliott, En^el, Greenleaf, 
Hallock, Hendricks, Hooper. Mopke, Hudson, Kunhardt, Mattison, 
Merritt, Parks, Robinson, Smith (M.), Torrey, Tonn^l^. Walker. 
*8i— Andresen, Braschi, Colby, Elliott, Hemmer, Leary, Ledoux, Little, 
Neyman, O'Connor (T. D.), Pitkin, Sav^yer, Share, Steams, Tuttle, 
Van Sinderen, Vult^, Williams. 
'82 — Conant, Cooper, Crocker, Dougherty, Downes, Emrich, Falk, Feuchl- 
wanger, Jouet, Moses. Oothout, Powers, Staunton. 
North Carolina. — Charlotte: Hanna, *68. 
Ohio.— Cleveland : Foote, '76. Columbus: Lord, '76. Glendale : Going, '82; 

Porter, '82. Oberlin : Wright, '75. Youngstown : Meissner, *8a 
Pennsylvania. — Philadelphia: Lillie, '74. Pittsburg: Robertson, *7x ; Singer 
(G.), '80; Singer (G. H), '80. Riddleshurg: Kelly, '77. Scranton : Moffatt, 
*68. Slmmokin : Ludlow, '79. Warren : Karr, '78. West Middlesex : 
Aschmann. '81. 
Rhode Island. — Ne^uport : Putnam, '75 ; Willis, '78 ; Richmond, *8i. 
Tennessee. — Nashville: Campbell, '69. Tracy City: Merwui, *79. 
Texas.— Ai« Antonio: Hollis, '78. 

Utah. — Park City: Rhodes, '79. Salt Lake City: Knapp, '70; Terhune, '70; 
Rhodes, '74; Austen, '76 ; Schneider. * 76 ; Furman, *8i ; Wilson, '82; 
Toucey, Traphagen, Wanier, Ward, White, Young. 
Vermont. — Ely: Wheeler, '80. 

Vl9iGViH\h^— Backbone : Lyman, ^78. Falls Mills : Starr, '81. 
Wisconsin. — Madison: Irving, '69. 
Wyoming. — Rawlins : Blydenburgh, '78. 



LIST OF GRADUATES. 
1867. 

John Magnus Adams, A.B., A.M., E.M., Mming and Mechanical Engineer, 

Agent for Frue Vanner, etc., 109 California Street, Room 7, San Francisco, 

Cal. 
Samuel Willard Bridgham, E.M., 49 West Twenty-third Street, New York City. 
Francis Gordon Brown, E.M., Merchant, 116 East Twenty-seventh Street, New 

York City. 
Edward Stelle Bronson, A.B., A.M., E.M., Prospect Park, Brooklyn. House, 

144 Hicks Street. 
John Adams Church, E.M., Ph.D., Superintendent Tombstone Mill and Mining 

Co., Tombstone, Arizona. 
Henry Bedinger Cornwall, A.B., A.M., E.M., Professor of Analytical Chemistry 

and Mineralogy, College of New Jersey, Princeton, N. J. 
Edward Everett Giddings, E.M., Merchant, 21 Metropolitan Block, Chicago, III 
Charles King Gracie, A.M., E.M., 71 Broadway, New York City. 
Albert Ward Hale, A.B., A.M., E.M., Civil and Mining Engineer, 71 Broadway, 

New York City. 
Thomas Hayes Harmer, A.B., A.M., E.M., 113 East Thirty-seventh Street, New 

York City. 
Frederic Milton Heath (formerly Petit), E.M., Potsdam, Saint Lawrence County, 

N. Y. 
William Wey Tuttle, E.M., Horticulturist, care of Baird & Tuttle, Bloomington, 

IlL 
Dr/id Van Lenncp, E.M., County Surveyor and Assayer, Winnemucca. Humboldt 

Cour.'^, Nevada. 
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1868. 

Augustus Porter Barnard, E.M. Address, care of D. Van Nostrand, 23 Murray 

Street, New York Ci»y. 
Crcorge Strong Baxter, A.B., E.M., Mining and Civil Engineer, Cashier North 

Pacific Railroad, 23 Fifth Avenue, New York City. 
James Pettigrew Carson, E.M., Mining Engineer. Address, 71 Broadway, New 

York City. 
Albert Huntington Chester, A.M., E.M., Ph.D., Childs Professor of Agricultural 

Chemistry, Hamilton College, Clinton, Oneida County, N. Y. 
George Hampton Coursen, E. M., C. E., 307 Greenwich Street, New York City. 
George Jarvis Geer, Jr., E.M., Merchant, 453 Broome Street, New York City. 
George Byron Hanna, A.B., E.M., Melter, U. S. Assay Office, Charlotte, N.C. 
♦Archibald MacMartm, A.B., A.M., E.M., Editor and Metallurgist, x68 Fifth 

Avenue, New York City. Died in New York City, May 7, 1881. 
Edward Stewart Moffatt, A.B., A.M., E.M., Assistant Manager, Scranton Steel 

Works, Scranton, Pa. 
George Howland Parsons, E.M., Superintendent of Land Improvement Company, 

Colorado Springs, Col. 
William Pistor, E.M., Hamilton & Pistor, Architects, 35 Broad Street, New York 

City. 
Charles Slason Piatt, E.M., Assayer. 4 Liberty Place, New York City. 
Kenneth Robertson, E.M., Superintendent of the Missouri Furnace Company. 

Address, care of Potter & Riggs, St. Louis. Mo. 
Albert P. Shack, E.M., Ministry, 24 Somerset Street, Boston, Mass. 
Frederick Augustus Schermerhorn, E.M., Trustee of Columbia College. Address, 

61 University Place, New York City. 
Lenox Smith, A.B., E.M., Steel Rails, 46 Pine Street, New York City. 
William Allen Smith, E.M., Secretary Iron and Metal Exchange Company 

(Limited). Address, 16 Exchange Place, New York City. 
Frederick Stallknecht. E.M., Editor, 133 West Thirteenth Street, New York City. 
William Henry Van Arsdale, A.B., A.M., E.M., Vice-President Aurora Smelting 

and Refining Company, Aurora, III. 
Moses Dillon Wheeler, A.B., E.M., P. O. Box 231, Stapleton, Richmond County, 

Staten Island. 

1869. 

♦ Thomas Monahan Blossom, A.B., A.M., E.M. Died, October, 1876, in Cali- 

fornia. 

Frederick Uruckman, E.M., Assayer to the Amie Consolidation Company, Lead- 
ville. Col. 

Alonzf) Clarence Campbell, E.M., Chemist and Mining Engineer, 227 Shelby 
Avenue, Nashville, Tenn. 

William Augustus Hooker, A.B,, A.M., E.M., Consulting Geologist and Mining 
Engineer ; office, 2 Wall Street, New York City. 

Roland Duer Irving, A.M., E.M., Ph.D., Professor of Geology and Mineralogy 
in the University of Wisconsin, Assistant State Geologist of Wisconsin, and 
Special Agent of the Tenth Census of Exploration of Lake Superior. 

Waller Proctor Jenney, E.M., Ph.D., Consulting Engineer and Geologist. Ad- 
dress, care of S. Jenney & Son, 128 Pearl Street, New York City. 

Henry Smith Munroe, E.M., Ph.D., Adjunct Professor in Surveying and Practi- 
od Mining, School of Mines, Columbia College. 

Lionel Robert Nettre, E.M., Superintendent of the Gregory Consolidated Mining 
Company, Helena, Lewis and Clarke Counties, Mont. 

• Henry Newton, A.B., E.M., Ph.D. Died, August 5, 1877, at Deadwood City, 

Dak. Ter., while occupied as Assistant Geologist of Black Hills Expedition. 

William Bleccker Potter, A.B., A.M., E.M., Professor of Mining and Metal- 
lurgy, Washington University, St. Louis, Mo. 

John Cooper F. Randolph, A.B., A.M., E.M., Consulting Engineer, 35 Broad- 
way, New York City. 

1870. 

Ogdcn Haight, E.M., Stock Broker, 38 Broadway, New York City. 
William Halsey Ingersoll, A.B., A.M., LL.B., E.M.. Portland, Conn. 
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John Augustus Knapp, A.l)., A.M., E.M., General Manager Mingo Furnace, P. 
O. Box 5x5, Salt Lake City, Utah. 

John Leo Libenthal, E.M., P. O. Box 1058, San Francisco, Cal. 

Stuart Lindsley, E.M., Superintendent Detroit Copper Company, Clifton, Ariz. 

Edward Moore Parrot, E.M., Manager of the Fumaceville Iron Company, Fur- 
naceville. Wayne County, N Y. 

Richard Henry Terhune, E.M., Superintendent of the Morgan Silver Smelting 
Company, Salt Lake, Utah. 

Theodore Francis Van Wagenen, E.M., General Manager Twin Lakes Consoli- 
dated Gold Placer Mining Company, Leadville, Col. 

Elwyn Waller, A.B., A.M., E.M., Ph.D., Instructor in Analytical Chemistry, 
School of Mines, Columbia College, and Chemist to the New York Board of 
Health, New York City. 

1871. 

William E. S. Fales, E.M., LL.B., Lawyer, 359 Fulton Street, Brooklyn, N. Y. 

Samuel Anthony Goldschmidt, A.B., E.M., Ph.D., Manufacturing Chemist, Co- 
lumbia Chemical Works, 66 Water Street, Brooklyn, N. Y. 

John Gordon, Jr., E.M. Address, care E. Johnson & Co., Rio Janeiro, Brazil. 

Pierre de Peyster Ricketts, E.M., Ph.D., Instructor m Assaying, School of Mines, 
Columbia College. 

George Washington Riggs, Ph.B., Chemist, Potter & Riggs, Washington Univer- 
sity, St. Louis, Mo. 

Gracie Sayre Roberts, E.M., C.E., Consulting Civil Engineer, 88 Union Avenue, 
Brooklyn, E. D. 

Richard Spotswood Robertson, Jr., E.M., with Cargenie Bros. & Co., Pitts- 
burg, Pa. 

1872. 

Peter Townsend Austen, Ph.B., Ph.D., F.C.S., Professor of General and Applied 
Chemistry, Rutgers College, New Brunswick, N. J. 

* Frank B. Jenney, E.M. Died in Trinidad, 1876, while engaged as Superinten- 
dent of the Orinoco Exploring Company. 

Frederick H. McDowell, E.M., Beckett & McDowell, 120 Liberty Street, New 
York City. 

Thomas O'Connor Sloane, A.B , A.M., E.M., Ph.D., Chemist, 119 Pearl Street, 
New York City. 

Arthur F. Wendt, E.M., C.E., Consulting Engineer, 10 Cedar Street, New York 
City ; residence, 414 East Fifty-first Street. 

1873. 

Frederick A. Canfield, A.B., A.M., E.M., Consulting Engineer, Dover, N. J. 

Charles Adams Colton, E.M., Professor, Rose Polytechnic Institute, Terre Haute, 
Indiana. 

Henry Augustus Mott, Jr., E.M., Ph.D., Mining Engineer and Analytical Chem- 
ist ; 61 Broadway, Room 56, New York City. 

Henry Walter Webb, E.M., Broker; residence, 14 West Thirty-eighth Street, 
New York City. 

John Townsend Williams, E.M., Ph.B., East River Chemical Works, Forty-fourth 
Street and East River, New York City. 



1874. 

Charles Sumner Allen, Ph.B., M.D., Practising Physician, 104 East Eighty-fifth 

Street, New York City. 
William de Liesseline Benedict, E.M., Consulting Mining Engineer, with Union 

Ore Cone. Co., 29 Broad Street, New York City. 
John Gedney Mott Cameron, E.M., C.E., Assayer, Spears & Howard. Address, 

Fifty-fifth Street and Madison Avenue, New York City. 
Samuel Morris Lillie, E.M., Chemist, Harrison, Havemeyer & Co., loi South 

Front Street, Philadelphia ; residence, 307 Pine Street, Philadelphia, Pa. 
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George Murray, E.M., General Manager Amer. Mining and Smelting Co., Lead- 
villc, Colorado. City address, 235 West Twenty- third Street, New York City. 

£ben Erskine Olcott, E.M., Superintendent St. Helena Gold Mine, Delicias, So- 
nora, Mex. Address, in West Thirteenth Street, New York City. 

Benjamin Franklin Rees, E.M., Merchant, 37 Ferry Street, New York City. 

Francis Bell Forsyth Rhodes, E.M., Superintendent Mingo Works, near Salt 
Lake, Utah. 

Frederick Harrison Williams, E.M. Care of W. Williams, Orange, N. J. 

1875. 

Magnus C. Ihlseng, E.M., C.E., Ph.D., Prof, of Engineering, State School of 

Mines, Golden, Col. 
Malvern Wells lies, Ph.D., Chemist, Grant Smelting Company, Leadville, Col. 
Charles Edward Jackson, C.E., Division Engineer, Manhattan Railroad Com- 
pany, 60 Gold Street, New York City. 
Douglas Arad Joy, E.M., Assistant in Chemistry, University of Michigan, Ann 

Arbor, Mich. 
♦Robert Schuyler Lamson, C.E., Major in the Egj'ptian Army. Died at Darbour, 

Upper Egypt, 1876. 
Harry Wenman Leavens, E.M. Care of Frederick Leavens, 835 Broadway, New 

York City. 
Arthur Macy, Ph.B., C.E. Address, 609 Lexington Avenue, New York City. 
William Skaats Noyes, E.M., Assayer in charge of Bodie Mill, Cal. 
Philip Charles Pfister, E.M., 125! Forsyth Street, New York City. 
Franidin Pool, E.M., Chemist, Celluloid Manufacturing Company, Newark, N. J. 
Bayard Taylor Putnam, E.M., Northern Trans-continental Survey, Newport, R. I. 
John Krom Rees, A.B., A.M., E.M., Adjunct Professor in Geodesy and Practical 

Astronomy and Director of the ObsiM"vatory, Columbia College, New York 

City. 
Charles M. Rolker, E.M. 

Samuel Howland Russell, E.M., 417 Fifth Avenue, New York City. 
Hunter Stewart, E.M., Civil Engineer, P. O. Box 1366 New Orleans, La. 
Milton Strong Thompson, Ph.B., Chemist, Chrolithion Manufacturing Co., New- 

buryport, Mass. 
John Henry Tucker, Ph.D. 
James Simpson Chester Wells, Ph.D., Instructor in Analytical Chemistry, School 

of Mines, Columbia College. 
Edwin Atwater Wetmore, E.M. Care of E. A. Wetmore & Co., Iron Merchants, 

Marquette, Mich. 
Albert Allen Wright, A.B., A.M., Ph.B., Prof. Geology and Natural History, 

Oberlin Coll<^e, Oberlin, O. 

1876. 

Thomas Septimus Austin, E. M. , Supt. Smelting Works, Germania Station, Salt 

Lake, Utah. 
Frederick Everett* Bruen, E.M., C.E., Assayer, office in P. O. Building, Lead- 

ville. Col. 
Francis Sanderson Craven, E.M., C.E., Assayer and Surveyor, Irwin, Gunnison 

Co., Col. 
George Rockwell Cornwall, E.M., C.E., Assayer and Surveyor, Irwin, Gunnison 

Co., Col. 
Herbert Carrington Foote, C.E., Professor of Chemistry, Central High School. 

Address, 37 Arlington Court, Cleveland, O. 
Edmund Hyatt Garrison, E.M., C.E.. Asst. Treas. Central Park and E.R.R.R. 

Co., Tenth Avenue and Fifty-third Street, New York City. 
Louis Benton Gratacap, Ph.B., Curator Am. Museum of Natural History, Central 

Park. Address, 81 Gold Street. New York City. 
Robert William Hall, E.M., Mining Engineer, 3 W. Fifty-Sixth Street, New 

York City. 
Schuyler Hamilton, Jr., A.B., A.M., E.M., Architect, 35 Broad Street, New 

York City. 
Francis Newberry Holbrook, C.E., Superintendent Corralitos Mining Company, 
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Corralitos, Chihuahua, Mex. Address, care J. P. Holbrook, 254 Broadway, 
New York City. 

Walter Lowrie Hoyt, E.M., C.E., Chemist and Assayer, Omaha Smelting and 
Refining Company, Omaha, Neb. 

Frederick Fumeaux Hunt, E.M., C.E., 4 Pemberton Square, Boston, Mass. 

Frederic Remsen Hutton, A.B., A.M., E.M., C.E., Ph.D., Adjunct Professor in 
Mechanical Engineering, School of Mines, Columbia College. Address, 6 W. 
Thirty-third Street, New York City. 

Charles King, Ph. B. , Real Estate and Insurance, New York City. 

Nathaniel Wright Lord, E.M., Professor of Engineering and Metallurgy, Ohio 
State University Columbus, Ohio. 

Edward Gurley Love, A.B., A.M., Ph.D., Tester of ill. gas, Dept. of Public 
Works, New York City ; Examiner in Chem., College of Physicians and Sur- 
geons. Address, School of Mines, Columbia College. 

John Holme Maghee, A.B., A.M., C.E., x6 East Fifty-fourth Street, New York 
City. 

Henry Francis Morewood, E.M., Importer, 34 South Street, New York City. 

James William 0*Grady, E.M., C.E., Home Street, opposite Villa Place, Morris- 
ania, New York. 

James Fitz Randolph, E.M., C.E., Supt. N. Y. and Long Branch R. R., 119 Lib- 
erty Street, New York City. 

William Coleman Ross, E.M., C.E., Silver City, Grant Co., New Mex. 

Albert Francis Schneider, E.M., C.E. , Supt. Germania Smelting and Refining Co., 
P. O. Box 748, Salt Lake City, Utah. 

George Cyrus Tilden, C.E., Asst. Supt. Dunderberg Mining Co., Georgetown, Col. 

Elbert Champlin Van Blarcom, C.E., Tombstone, Ariz. 

Augustus Clark Walbridge, E.M., C.E., 71 Downing Street, Brooklyn, N. Y. 

James Robert Wardlaw, C.E., Village Engineer, Castleton, S. I. 

1877. 

Louis de Souza Barros, C.E., E.M., San Paulo, Brazil. 

James Thorn Beard, E.M., C.E., 103 St. James* Place, Brooklyn. 

Edward Behr, C. E., Piano Manufacturer, 42 Union Square, New York City. 

Charles Ramsay Buckley, A.B., A.M., E.M. Address, 66 Broadway. Room 56, 

New York City. 
Linus Bertram Cady, E.M., C.E , in Michigan. Address, 234 West Thirty-eighth 

Street, New York City. 
Augustus Cass Canfield, E.M., 60 West Fifty-fourth Street, New York City. 
John Britton Cauldwell, C.E., 6 East Forty-ninth Street. New York City. 
♦Henry Gilbert Clark, E.M., C.E., late Supt. Cortez Mining and Milling Co., 

Aurora, Nev. Died of typhoid fever, August 2, 1881. 
Charles Edwards Colby, E.M., C.E., Private Assistant to Professor C. F. 

Chandler. Address, Fiftieth Street and Fourth Avenue, New York City. 
Charles Louis Constant, E.M., C.E., T. J. Hojer & Co., Paints, 936 Third 

Avenue, New York City. 
George Birdsall Cornell, E.M., C.E., Civil Engineer. Address, 46 West Forty- 
eighth Street, New York City. 
Frederick William Floyd, E.M.,C.E., Assistant Engineer New Water Supply 

Surveys, Dept. Public Works, 14 Vannest Place, New York City. 
Frank Stuart Helleberg, C.E., Assayer and Chemist, Cummings & Finn Smelling 

Works, Leadville, Col. 
Walter Edwards Hildreth, E.M., C.E., Consulting Engineer, 52 Broadway, New 

York City. 
Axel Olaf Ihlseng, B.S., E.M., C.E. Address, 151 E. Thirty-third Street, New 

York City. 
Jose Nabor Pacheco Jordao, C.E., E.M., Ph.B., Paulista Railroad, San Paulo, 

Brazil. 
William Kelly, A.B., E.M., Superintendent Kemble Coal and Iron Co., Rid- 

dlesburg, Bedford County, Penn. 
James Buckton Mackintosh, E.M., C.E., Private Assistant to Dr. Egleston, School 

of Mines, Columbia College. 
John Glenvil Murphy, E.M., C.E., Rigby & Murphy, Mining Engineers, 78 & 80 

Broadway, New York City. 
Ralph Nichols, E.M., C.E., Nichols & Dunham, leadville, Col. 
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Dudley Hiram Norris, E.M., Lawyer, 112 Lafayette Avenue* Brooklyn. 

♦James Robert Priest, E.M., C.E., School Teacher and Surveyor, Greenville, 
Sinon County, Liberia, Africa. Died, 1880. 

William Helsham Radford, E.M., Breckenridge, Colorado. 

Sylvanus Albert Reed, A.B., E.M., Gunnison Crushing and Sampling Works, Rose, 
Reed & Co. , Irwin, Gunnison County, Col. 

Charles Louis Rogers, E.M., C.E., 39 Broadway, New York City. 

Edward Eugene Sage, C.E., Assistant Assayer, United States Assay Office, New 
York City. 

William Henry Smeaton, C.E., E.M., Mt. Vernon, Westchester Co., N. Y. 

Roland Mulville Smythe, E.M., C.E., 539 Henry Street, Brooklyn, N. Y. 

Arthur Thacher, E.M., C.E., Progress Mming Company, Lower California. Ad- 
dress, 108 East Thirty-sixth Street, New York City. 

Robert Ward Van Boskerck, C.E., Artist, studio, 337 Fourth Avenue, New York 
City. 

Cornelius Read Waterbury, C. E , Engineer and Surveyor. Care of Leonard & 
Company, 150 Broadway, New York City. 

1878. 

William James Adams, A.B., A.M., E.M., Assistant Metallurgist, Batopilas Sil- 
ver Mining Company, Batopilas, Chihuahua, Mex. 
Marcus Benjamin, Ph.B., Editor-in-Chief, American Pharmacist, 72 William Street, 

New York City ; residence, 43 East Sbcty-seventh Street, New York City. 
Charles Edward Blydenburgh, A.B., A.M., E.M., Mining Expert and Prospector, 

Rawlins, Wyo. Ter. 
Robert Elmer Booraem, E.M., cor. First and (irove Streets, Jersey City, N. J. 
George Charles Brinckerhoff, E. M. Care Francke & Co. « Havana, Cuba. 
Willard Parker Butler, E.M. Care of Maitland, Phelps & Co., 22 Exchange Place, 

New York City. House address, 105 East Eighteenth Street, New York City. 
Alexander Ramsey Cushman, Ph.B., Ph.D., 128 East Sixteenth Street, New York 

City. 
John Woodbridge Davis, C.E., Ph.D., Principal, School of Mines Preparatory 

School, 104 West Forty-second Street, New York City. 
Walter B. Devereux, A.B., A.M., E.M., Superintendent, Takoma Copper Mining 

Company, Globe, Ariz. Address, 219 West Eleventh Street, New York City. 
Isaac Wyman Drummond, E.M., Ph.D., Chemist, F. W. Devoe & Co., 436 West 

Twenty-second Street, New York City. 
Orrien Pinkerton Downing, Ph.B., Drugs, Oakland, Alameda County, Cal. 
Walter Graeme Elliot, E.M., C.E., Ph.B., Elliot & Hooper, Consulting Sanitary 

Engineers, 252 Broadway. House address, 5 West Forty-second Street, New 

York City. 
Anton Femekes, E.M., Chemist, Billing & Eiler*s Smelting Works, Leadville, Col. 
Harry Leopold Hass, Ph.B., Zucker & Levett Chemical Co., 540 West Sixteenth 

Street, New York City. 
Yothinosuke Hasegawa, E.M.. Ph.D., Engineer in Coal Mine. Address University 

of Tokio, Tokio, Japan. 
Henry Albert Hodges, E.M., Chief Clerk, Wm. D. Andrews & Bros., Drive 

Wells, 233 Broadway, New York City. 
Edward Henrv Holden, C.E., Surveyor and Civil Engineer, One Hundred and 

Sixty-ninth Street and Boston Avenue, Morrisania, N. Y. 
William HoUis, C.E., Mining Expert, Galveston, Harrisburg & San Antonio 

Railroad, San Antonio, Texas. 
Elias Mattison Johnson, Ph.D., I. G. Johnson & Co., Malleable Iron, Spuyten 

Duyvil, N. Y. 
Gilbert Henry Johnson. Ph.B., Chemist, I. G. Johnson * Co., Spuyten Duyvil, 

N. Y. 
Corydon Powell Karr, Ph.B., Clarion, Mahoning & Pittsburg Railroad, Warren, 

Warren Co., Pa. ; also care of Am. Finance Co., 7 Nassau Street, New York 

City. 
Benjamin Bowden Lawrence, E.M., Superintendent and Mining Engineer, Monte- 
zuma Mining Co., Montezuma, CoL Address, 44 East Twentieth Street, 

New York City. 
Frank Lyman, A.M., E.M., Manager Stack Mine, Backbone, Alleghany Co., Va. 
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Edward Austin McCuUoh, Ph.B., Assistant Manager Senate Smelling and Mining 

Co., Galena, Idaho. Address, P. O. Box 2346, New York City. 
Nawokichi Matsui, Ph.D., Instructor in Qualitative Analysis, University of Tokio, 

Tokio, Japan. 
George Barrow Morewood, E.M.,Ph.D., Tea Importer, 34 South Street/ New 

York City. 
Gouvemeur William Morris, E.M., Myers, Rutherford & Co., 58 Wall Street, 

New York City. 
Charles Edward Munsell, Ph.B., Milk Inspector, New York Health Department. 

Address, Glen Cove, L. I. 
Henry Morgan Murphy, E.M., H. H. Murphy & Co., Varnish Makers, 238 Mc- 

Whorter Street, Newark, N. J. 
Kingo Nambu, E.M.. Engineer in Coal Mine. Address, University of Tokio, 

Tokio, Japan. 
Spencer Baird Newberry, E.M., Ph.D., Professor of Chemistry, Agricultural De- 
partment, Cornell University, Ithaca, N. Y. 
James Atkin Noyes, Ph.B. Address, 155 Kemsen Street. Brooklyn, N. Y. 
* Owen Frederick Olmsted, C.E. Died at Albany, N. Y!, December, i88i. 
Frederick Nash Owen, E.M., Assistant Sanitary Engineer, Board of Health. 

Address, 19 West Fifty-sixth Street, New York City. 
Cortlandt Edward Palmer, E.M., Engineer, North Brother Island HospitaL 

Address, 17 West Seventeenth Street, New York City. 
Richard Alexander Parker, C.E., Civil and Mining Engineer, P. O. Box, 28, 

Georgetown, Col. 
Vicente Felix Pazos, E.M., 122 Calle Zavala, lima, Peru. 
Nelson Williams Perry, E.M. Care of A. B. Clark, San Luis Potosi, Mexico. 
William Strieby, A.B., E.M., Professor of Metallurgy and Assaying, Colorado 

College, Colorado Springs, Col. 
Bailey Willis, E.M., C.E., Assistant Geologist, North Trans-Continental Survey, 

Newport, R. I. 

1879. 

Nathaniel Lord Britton, E.M., Ph.D., Assistant in Geology, School of Mines, 
Columbia College, New York City. 

Leo George Cloud, A.B., E.M., Superintendent Little Chicago Mining Co., 
Kokomo, Summit County, Col. 

Harry Clay Cornwall, E.M., Assayer, Irwin, Gunnison Co., Col. 

Louis Phillipe De Luze, C.E.. 48 Pine Street, New York City. 

George Spencer Eastwick, C.E., Manager of Sugar Refinery, New Orleans, La. 
Address, care of Havemeyer & Eastwick, Jersey City, N.J. 

Louis Francis Haffen, A.M., C.E., Brewer, One Hundred and Fifty-second Street 
andCourtland Avenue, New York City. 

Charles Sumner Harker, E.M., care of Bodie Tunnel Co., Bodie, Cal. 

Nathaniel Hathaway, Ph.B., Private Assistant to Dr. Waller, School of Mines, 
Columbia College. 

Herman Hollerith, E.M., Instructor, Massachusetts Institute of Technology, Bos- 
ton, Mass. 

Charles Arthur HoUick, Ph.B., box 128, Port Richmond, S. I. 

Isaac Bradley Johnson, E.M., Chemist, Hoosick Malleable Iron Works, Hoosick 
Falls, N. Y. 

Robert Andrew Johnston, C. E. , Assistant Sanitary Engineer, New York Board of 
Health. Address, Scarsdale, N. Y. 

Edward Cabet Koch, E.M., 160 East Sixty-fifth Street, New York City. 

Thomas Haight Leggett, Jr., E.M., Batopilas Silver Mining Co., Batopilas, Chi- 
huahua, Mex. 

Edwin Ludlow, E.M., Mineral R. R. & Mining Co , Shamokin, Pa. 

Charles Wells Marsh, Ph. B. . Assistant in Quantitative and Qualitative Chemistry, 
Princeton College, N. J. 

Theophilus Smith Mathis, E.M., County Surveyor, Ouray, Ouray County, CoL 

Ralph Edward Mayer, C.E., Assistant in Drawing, School of Mines, Columbia 
College, New York City. 

Hubert John Merwin, E.M. City address, 668 Hancock Street, Brooklyn. 

George Fanshawe Milliken, E.M., Tucson, Ariz. 

Otis Mortimer Munroe, Ph.B., Ironton, Iron County, Mo. Address, 102 East 
Forty-fifth Street, New York City. 
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Knight Neftel, C.E., Neftel, Churchill & Parks, 39 Broadway, New York City. 

James Nesmith, E.M., 256 Henry Street, Brooklyn, N. Y. 

Charles Milton Noble, E.M., General Foreman Woodstock Iron Works, Annis- 

ton, Ala. 
Robert Dunn Rhodes, E.M., Ontario Mine, Park City (Parley's Park), Utah. 
William Bell Stephen Reed, E.M., E. & B. S. R. R,, Elizabethtown, Hardin 

County, Ky. 
Francis Morris Rutherfurd, E.M. Care W. Rutherfurd, 244 East Thirteenth 

Street, New York City. 
Gardner Hutchinson Sheldon, E.M., Corralitos, Chihuahua, Mex. 
George Cameron Stone, Ph.B., Chemist, New Jersey Zinc and Iron Co., Newark, 

N. J. Address, 35 West Twenty-second Street, New York City. 
Henry Fowler Starr, Ph.B., Chemist, Newark Steel Works. Address, 91 Mount 

Pleasant Avenue, Newark, N. J. 
♦Francis Baretto Stewart, Ph.B. Died of typhoid fever, at Harlem, N. Y., August, 

1879. 
John Richard Suydam, Jr., E.M., 43 East Twenty-second Street, New York City. 
Granville Whittlesey Williams, 388 Clinton Street, Brooklyn, N. Y. 

1880. 

Alfred Lockwood Beebe, Ph.B., Assistant in Assaying, School of Mines, Columbia 

College. Residence, 58 East Sixty-eighth Street, New York City. 
Frank Parkinson Benjamin, C.E. Address, 31 West Nineteenth Street, New York 

City. 
Frederick Denison Browning, E.M., Engineer, Eureka Lake and Yuba Canal Co., 

North San Juan, Nevada Co., California. Address, care Ledoux & Ricketts, 

10 Cedar Street, New York City. 
William Frederic Brugman, Ph.B., Chemist to Joliet Iron and Steel Works, 

Joliet, 111. 
Nathaniel Butler, E.M. Care Henry Russell & Co., 42 Barclay Street, New York 

City. 
Alfred Daniel Churchill, M.S., Ph.B., E.M., Instructor in Drawing, School of 

Mines, Columbia College. 
Edwin Perry Clarke, E.M., 340 Clinton Street, Brooklyn, N. Y. 
William Elliott, Ph.B., Chemist, Elliott, Hopke & Mattison, 197 Pearl Street, 

New York City. 
Louis George Engel, E.M., Engineer, with the Brooklyn Sugar Refinery, Brook- 
lyn, N. Y. 
Robert Otto Francke, C.E., travelling in Europe. Address, care Francke & Co., 

Havana, Cuba. 
Herman Garlichs, E.M., Consulting Mining Expert, Rico, San Juan Co., CoL 

Address, 7 New Street, New York City. 
Wilkins Updike Greene, Ph.B., Canada Consolidated Gold Mining Co., Deloro, 

Hastings Co., Ont. Address, 38 South Portland Avenue, Brooklyn, N. Y. 
James Leal Greenleaf, C.E., Assistant in Drawing, School of Mines, Columbia 

College. Address, 23 West Twelfth Street, New York City. 
Albert Peter Hallock, Ph.B., Chemist, N. Y. Gaslight Co. ; residence, 249 East 

Thirty.first Street, New York City. 
Henry Harmon Hendricks, Ph. B. , Chemist, Ledoux & Ricketts, 10 Cedar Street, 

New York : residence, 512 Fifth Avenue, New York City. 
Louis Mosher Hooper, C.E., Elliot & Hooper, Consultmg Sanitary Engineers, 

252 Broadway, New York City. 
Theodore M. Hopke, Ph.B., Chemist, Elliott, Hopke & Mattison, 197 Pearl 

Street, New York City ; residence, Hastings-on-Hudson. 
Edward Henry Hudson, C.E., 54 East Fifty-third Street, New York City. 
Frank Klepetko, E.M., Assist. Supt. Delaware Mine, Keweenaw County, Mich. 
Wheaton Bradish Kunhardt, E.M., returned from Europe. Address, 32 Beaver 

Street, New York City. 
Joseph Godley Mattison, Ph.B., Chemist, Elliot, Hopke & Mattison, 197 Pearl 

Street, New York City. 
Charles August Meissner, Ph.B., Chemist, Briar Hill Iron and Coal Co., Youngs- 
town, O. 
James Haviland Merritt, Ph.B., Chemist, Bradley White Lead Co., Water Street, 

New York ; residence, 184 Leflferts Place, Brooklyn, N. Y. 
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Juan Adelberto Navarro, C.E., Student, Europe. Address, 251 West Forty- 
fourth Street, New York City. 

Andrew McClean Parker, E.M., United States Deputy Mineral Surveyor, P.O. 
Box 553, Silver Cliff, Col. 

John Randolph Parkes, E.M., Neftel, Churchill & Parkes, 39 Broadway, New 
York Cily; residence, 113 Penn Street, Brooklyn, N. Y. 

Henry Alvord Robinson, Ph. B., Law Student, with Robinson & Scribner, 102 
Broadway, New York ; residence, 19 East Sixty-second Street, New York City. 

Ferdinand Ruttmann, Jr., E.M., Mining Engineer, Tilly Foster Iron Mine, Brew- 
ster's Station, N. Y. 

George Singer, E.M., Wilkinsburg, Alleghany Co., Pa. 

George Harton Singer, E.M., Singer, Nimmick & Co., Pittsburg, Pa. 

Wallace Augustus Smalley, E. M. , Surveyor and Assayer, Georgetown, N. Mex. 

Maxwell Smith, C.E., N. Y., W. S. & B. R. R. Address, 121 West Twenty-first 
Street, New York City. 

Theodore Tonnele, Ph.B. Address, 48 East Sixty-eighth Street, New York City. 

Charles Herbert Torrey, Ph.B., Assistant in Qualitative Analysis, School of 
Mines, Columbia College. Residence, 53 West One Hundred and Twenty- 
eighth Street, New York City. 

Joseph Walker, Jr., C.E., 289 Fifth Avenue, New York. 

Herbert Allen Wheeler, E.M., Asst. Supt. Vermont Copper Co., Ely, Vermont. 

1881. 

Charles Alfred Andresen, E.M., with Pickard & Andresen, 8 Gold Street, New 
York City. 

Frederic Theodor Aschman, Ph.B., Chemist, Wheeler Iron Company, P. O. Box 
292, West Middlesex, Mercer County, Pa. 

Chas. Popham Bleecker, E.M., Assayer Alice Gold and Silver Mining Co., Walk- 
erville, Montana. 

Victor Manuel Braschi, Ph.B., Resident Graduate; candidate for d^rees of E.M. 
and Ph.D. Address, 250 West Twenty-fourth Street, New York City. 

Edward Renshaw Bush, E.M. ; with E. E. Olcott, Sonora, Mex. Address, care 
T. A. Bush, 54 Wall Street, New York City. 

Phillip Edward Chazal, E.M., Villa Rica, Carroll Co., Ga. 

Albert Ladd Colby, Ph.B., Inspector, State Board of Health. Address, School of 
Mines, New York City. 

Edward Moorhouse Douglass, C E. , Topographer, U. S. Geological Survey, Fort 
Wingate, New Mexico. Address, Mechanicsville, Saratoga Co., N. Y. 

Edward Kellogg Dunham, Ph.B., Student in Medicine, Harvard ITniversity. Ad- 
dress, 5 Holyoke, Cambridge, Mass. 

Arthur Henry Elliott, Ph.B., Assistant in Chemistry, College Physicians and Sur- 
geons ; also candidate for Ph.D., School of Mines. Address, School of Mines, 
New York City. 

Howard Van Fleet Furman, E.M., (iermania Works, Salt Lake City, Utah. 

William Tudor Griswold, C. E. , Sinalo and Durango Railroad, Culiacan, Mex. 

Frederick Adolph Hemmer, Jr., Ph.B., returned from Europe. Address, East 
Morrisania, New York City. 

Chas. Breck Judd, E.M., United States Deputy Surveyor, Tombstone, N. Mex. 

Daniel James Leary, C.E. 

Augustus Damon Ledoux, Ph. B. , with Ledoux & Ricketts, 10 Cedar Street, New 
York City. 

Willard Parker Little, E.M., Resident Graduate, Course in Architecture. Address, 
60 West Fortieth Street, New York City. 

Walter Monfort Meserole, C.E., N. Y., W. S. & B. R. R., Catskill, N. Y. 
Address, 590 Lorimer Street, Brooklyn, N. Y. 

Percy Neyman, Ph.B., returned from Europe. Address, care E. H. Neyman, 97 
Maiden Lane, New York City. 

Michael Joseph O'Connor, E.M., San Jose Mine, Egan CafLon, Nev. Address, 42 
West Twenty-eighth Street, New York City. 

Thomas Devlin O'Connor, Ph.B. Address, 42 West Twenty-eighth Street, New 
York City. 

Lucius Pitkin, Ph.B., Chemist, Laurel Hill Chemical Works, Penny Bridge, L. I. 

George Sharp Raymer, E.M., Denver, Col. Address, 63 Seventh Avenue, Brook- 
lyn, N. Y. 



Digiti 



ized by Google 



GRADUATE DEPARTMENT, 8t 

William Thomas Richmond, Ph.B., Chemist, Trans-continental Geological Survey, 
Newport, R. I. 

Arthur Carr Roberts, E.M., Sinalo and Durango Railroad, Culiacan, Mexico. 

Chas. Pike Sawyer, Ph.B. Address, 12 Gramercy Park, New York City. 

William Waldemar Share, Ph.B., Assistant in Physics, Columbia College. Ad- 
dress, 336 Navy Street, Brooklyn, N. Y. 

Chandler Dannat Starr, C.E., Resident Engineer, E. R. R. R. Co., Falls Mills, 
Tazewell County, Va. Address, 103 East Sixteenth Street, New York City. 

Thomas Beale Steams, E.M., Agent for Colorado Iron Co., 115 Liberty Street, 
New York City. 

Alfred Ernest Swain, E.M., Sinalo and Durango Railroad, Culiacan, Mex. Ad- 
dress, via San Francisco, Cal., and Mazatlan. 

Edgar Granger Tuttle, E.M., 92 Prospect Place, Brooklyn, N. Y. 

Alvan Howard Van Sinderen, Ph.B., Student, Columbia Law Schooi. Address, 
178 Columbia Heights, Brooklyn, N. Y. 

Herman Theodore Vult^, PhB., Superintendent Columbia Chemical Works, 66 
Water Street, Brooklyn, N. Y. 

Ferdinand G. Wiechmann, Ph.D.; travelling in Europe. 

William Fish Williams, C.E., E.M. Address, Wethersfield, Conn. 

Herbert M. Wilson, C.E., Topographer, U. S. Geological Survey, Fort Wingate, 
New Mexico. Address. 26 Vesey Street, New York City. 

1882. 

Albert Caiman, Ph.B., Student in Germany; care of Carlsbach & Cahn, Mayence 

a. R., Germany. 
Thomas Peters Conant, E.M., with Thomas A. Edison. Address, care of Harper 

Bros. , New York City. 
William Hamilton Cooper, Ph.B., Constructing Engineer, with A. F. Wendt. 

Residence, 14 Willoughby Avenue, Brooklyn, N. Y. 
Francis Bacon Crocker, KM., with Gadsden & Co., 40 Broadway. House ad- 
dress, 54 West Twenty-first Street, New York City. 
Oscar Vincent Dougherty, Ph.B., with A. Dougherty, 80 Centre Street, New York. 

Address, 138 Columbia Heights, Brookljm, N. Y. 
Stancliflf Bazen Downes, C.E., 719 Lexington Avenue, New York City. 
William Fletcher Downs, E.M., Chemist Dixon Crucible Co., Jersey City, New 

Jersey. 
Anton Frederick Emrich, M. E., Tombstone Mill and Mining Co., Tombstone, 

Arizona. 
David Beauregard Falk, C. E. Address, 956 Madison Avenue, New York City. 
Henry Feuchtwanger, Ph.B. Address, 52 East Sixty-fifth Street, New York City. 
Charles Lincoln Fitch, E.M. Fitch & Thomas, Engineers, Ishpeming, Mich. 
Charles Buxton Going, Ph. B. , Chemist, Cincinnati Desiccating Company, Cincinnati, 

Ohio. Address, Glendale, Ohio. 
William Hill, C.E., with Collins Co., Collinsville, Conn. 
William Charles Illig, E.M., Tilly Foster Iron Mine, Brewsters, N. Y. 
Cavalier Hargrave Joiiet, Ph.B., Chemist, Ledoux & Ricketts, 10 Cedar Street, 

New York City. 
Alfred Joseph Moses, E.M., Assistant in Mineralogy, School of Mines, Columbia 

College, New York City. 
Edward Austin Oothout, E.M., with James Renwick, Architect, 416 Broad Street, 

New York City. 
William Stevens Page, E.M., Georgetown, Colorado. 
William Barclay Parsons, Jr., A.B., C.E., Erie R. R., Port Jervis, N. Y. 
Clarence Quintard Payne, E.M., Chemist, Theall Iron Mine, Brewsters, N. Y. 
John Bonsall Porter, E.M., licensed Instructor in Metallurgy, Cincinnati Uni- 
versity. Address, Glendale, Ohio. 
Cornelius Van Vorst Powers, Ph.B. Address, 22 West Forty-eighth Street, New 

York City. 
Ferdinand Sands, Ph.B., Chemist, New Jersey Zinc Works, Newark, N. J. 
Willard Adams Shumway, E.M., U. S. Geological Survey, Washington, D. C. 
William Field Staunton, Jr., E.M., with Ledoux & Ricketts, 10 Cedar Street, New 

York City. 
Nathaniel Strange Stock well, E.M., Chemist, Engineer, Calumet Iron and Steel 

Co., Chicago. Address, Cummings, Cook Co., 111. 
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DoDald Butler Toucy, E.M., Student at Columbia Law School. Address, 57 West 

Fifty-third Street, New York City. 
Frank Weiss Traphaeen, Ph.B., Post-Graduate, School of Mines, Columbia Col- 
lege, New York City. 
Rudolph Harrison Vondy, E.M., Tilly Foster Iron Mine, Brewster's, N. Y. 
John Howard Wainwright, Ph.B. Address, Rye, Westchester County, N. Y. 
Albert George Wanier, Ph.B., Post-Graduate. Address, 437 Eighth Avenue, New 

York City. 
Norbert Reillieux Ward, E.M. Address, 167 West Forty-ninth Street, New York 

City. 
William Scherf White, E.M., City Surveyor, 79 and 81 Cedar Street, New York 

City. 
William Alexander Wilson, E.M., Salt Lake City, Utah. 
Charles August Wittmack, M.S., Ph.B., Student, Prof. Baeyer's Laboratory. 

Address, 40 Shilling St. HL, Miinchen, Germany. 
Edward Leavitt Young, E.M. Address, 114 East Seventy-fourth Street, New York 

City. 

ENUMERATION. 

13 Class of 1876 26 

3« 

40 

33 

36 

36 

36 



Class ol 


fi867 




1868 




1869 




1870 




1871 




1872 




i«73 




1874 




1875 



20 


" 1877 


II 


" 1878 


9 


" 1879 


7, 


*' 1880 


Sj 


" 1881 


^ 


♦* 1882 


2?i 


Total nui 



Total number of graduates .... 337 

Known to be deceased. 

Class of 1868 Archibald MacMartin. 

** 1869 Thomas Monahan Blossom. 

** 1869 Henry Newton. 

** 1872 Frank B. Jenney. 

** 1875 Robert S. Lamson. 

" I »77 Henry G. Clark. 

" 1877 James R. Priest. 

** 1878 Owen F. Olmsted. 

** 1879 Francis B. Stewart. 

Total 9 

Number of graduates living ^28 

Degrees conferred to date. 

E. M 218 

CE 83 

Ph.B 75 

Ph.D 28 

Total 404 

Deduct for repetitions 67 

337 
The list IS correct to November 15, 1882. 

P. DE P. RICKETTS, 

Resident Secretary Alumni Association. 
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GRADUATES.— ALPHABETICAL LIST. 



Adams, J. M., '67 
Adams, W. J., '78 
Allen, *74 
Andresen, *8i 
Aschman, '81 
Austen, '72 
Austm, '76 

Barnard, '68 
Barros, '77 
Baxter, '68 
Beard, '77 
Beebe, '80 
Behr,'77 
Benedict, '74 
Benjamin, M., '78 
Benjamin, F. P., '80 
Bleecker, '81 
Blossom, '69 
Blydenburgh, '78 
Booraem, '78 
Braschi, '81 
Bridgham, '67 
Brinckerhoff, '78 
Britten, '79 
Brown, '67 
Browning, *8o 
Brownson, '67 
Bruckman, '69 
Bmen, '76 
Bmgman, '80 
Buckley, '77 
Bush, '81 

Butler, W. P., '78 
Butler, N., '80 

Cady, '77 
Caiman, '82 
Cameron, '74 
Campbell, '69 
Canfield, A. C, '77 
Canfield, F. A., '73 
Carson, *68 
Cauldwell, '77 
Chazal, '81 
Chester, '68 
Church, '67 
Churchill, »8o 
Clark. '77 
Clarke, '80 
Cloud, '79 
Colby, C. E., '77 
Colby, A. L., '81 
Colton, '73 
Conant, '82 



Constant, '77 
Cooper, '82 
Cornell, '77 
Cornwall, G. R., '76 
Cornwall, H. U., '67 
Cornwall, H. C, '79 
Coursen, *6S 
Craven, '76 
Crocker, '82 
Cushman, '78 

Davis, '78 
De J-uze, '79 
Devereux, '78 
Douglas, *8i 
Downes, '82 
Downing^ '78 
Downs, '82 
Drummond, '78 
Dunham, '81 

Eastwick, '79 
Elliott, W. G., '78 
Elliott, Wm., '80 
Elliott, A. H., '81 
Emrich, '82 
Engel, '80 

Fales, '71 

Falk, '82 
Femekes, '78 
Feuchtwanger, '82 
Fitch, '82 
Floyd, '77 
Foote, '76 
Francke, '80 
Furman, '81 

Garlichs, *8o 
Garrison, '76 
Geer, '68 
Giddings, '67 
Going, '82 
Goldschmidt, '71 
Gordon, '71 
Gracie, '67 
Gratacap, '76 
Greene, '80 
Greenleaf, '80 
Griswold, '81 

Haas, '78 
Haffen, '79 
Haight, '70 
Hale, '67 



Hall, '76 
Hallock, '80 
Hamilton, '76 
Hanna, '68 
Harker, '79 
Harmer, '67 
Hasegawa, '78 
Hathaway, '79 
Heath, '67 
Helleberg, '77 
Hemmer, '81 
Hendricks, '80 
Hildreth, '77 
Hill, '82 
Hodges, '78 
Holbrook, '76 
Holden, '78 
Hollerith, '79 
Hollick, '79 
HollU, '78 
Hooker, '69 
Hooper, '80 
Hopke, '80 
Hoyt, '76 
Hudson, '80 
Hunt, '76 
Hutton, '76 

Ihlsing, M. C, '75 
Ihlsing, A. O., '77 
lies, '75 
lllig, '82 
Ingersoll, '70 
Irving, '69 

Jackson, '75 
Jenney, W. P., '69 
Jenney, F. B., '72 
Johnson, E. M., '78 
Johnson, G. H., '78 
Johnson, I. B., '79 
Johnston, '79 
Jordao. '77 
Joiiet, '82 

Joy» '75 

Judd, '81 

Karr, '78 
Kelley, '77 
King, '76 
Klepetko, '80 
Knapp, '70 
Koch, '79 
Kunhardt, '80 
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Lamson, '75 
Lawrence, '78 
Leary, '81 
Leavens, '75 
Ledoiix, *8i 
Leggett, '79 
Lilienthal, *7 1 
Lillie, '74 
Lindsley, '70 
Little, '81 
Lord, '76 
Love, *76 
Ludlow, '79 
Lyman, ^78 

Mackintosh, '77 
MacMartin, *68 
Macy, '75 
Maghee, '76 
Marsh, '79 
Mathis, *79 
Matsui, '78 
Mattison, '80 
Mayer, '79 
McCuUoh, »78 
McDowell, '72 
Meissner, '80 
Merwin, '79 
Meserole, *8i 
Milliken, '79 
Moffatt, '68 
Morewood, H. F., '76 
Morewood, G. B., '78 
Morris, '78 
Moses, *82 
Mott, '73 

Munroe, H. S., '69 
Munroe, O. M., '79 
Munsell, '78 
Murphy, J. G., '77 
Murphy, H. M., '78 
Murray, '74 

Nambu, '78 
Navarro, '80 
Neftel, '79 
Nesmith, '79 
Nettre, '69 
Newberry, '78 
Newton, '69 
Neyman, '81 
Nichols, *77 
Noble, '79 
Norris, '77 
Noyes, W. S., '75 
Noyes, J. A., '78 

O'Connor, M. J., '81 
O'Connor, T. D., '81 
O' Grady, '76 
Olcott, '74 
Olmstead, '78 
Oothout, '82 
Owen, '78 



Page, '82 
Palmer, '78 
Parker, R. A., '78 
Parker, A. McL., '80 
Parks, '80 
Parrot, '70 
Parsons, G. H., '68 
Parsons, W. B., '82 
Payne, '82 
Pazos, '78 
Perry, '78 
Pfister, '75 
Pistor, '68 
Pitkin, '81 
Piatt, '68 
Pool, '75 
Porter, '82 
Potter, '69 
Powers, '82 
Priest, '77 
Putnam, '75 

Radford, '77 
Randolph, J. C. F., '69 
Randolph, J. Fitz, '76 
Ray me r, '81 
Reed, S. A., '77 
Reed, W. B. S., '79 
Rees, B. F., '74 
Rees, J. K., '75 
Rhodes, F. B., '74 
Rhodes, R. D., '79 
Richmond, *8i 
Ricketts, '71 
Higgs, '71 

Roberts, G. S., '71 , 
Roberts, A. C, '81 
Robertson, K., '68 
Robertson, R. S., '71 
Robinson, '80 
Rogers, '77 
Rolker, '75 
Ross, '76 
Russell, '75 
Rutherford, '79 
Ruttman, '80 

Sage, '77 
Sands, '82 
Sawyer, '81 
Schermerhorn, '68 
Schneider, 76 
Shack, '68 
Share, '81 
Sheldon, '79 
Shumway, '82 
Singer, G. H., '80 
Singer, G., '80 
Sloane, '72 
Smalley, '80 
Smeaton, '77 
Smith, W. A., '68 
Smith, L, '68 



Smith, M., '80 
Smythe, '77 
Stallknecht, '68 
Starr, C. D., '81 
Starr, H. F., '79 
Staunton, '82 
Steams, '81 
Stewart, '75 
Stockwell, '82 
Stone, '79 
Strieby, '78 
Suydam, '79 
Swain, '81 

Terhune, '70 
Thacher, '77 
Thompson, '75 
Tilden, '76 
Tonnele, '80 
Torrey, '80 
Toucy, '82 
Traphagen, 'i2 
Tucker, '75 
Tuttle, W. W.. '67 
Tuttle, E. G., '81 

Van Arsdale, '68 
Van Blarcom, '76 
Van Boskerck, '77 
Van Lennep, '67 
Van Sinderen, '81 
Van Wagenen, '70 
Voudy, '82 
Vult^, '81 

Wainwright, 82 
Walbridge, '76 
Walker, '80 
Waller, '70 
Wanier, '82 
Ward, '82 
Wardlaw, '76 
Water bury, '77 
Webb, '73 
Wells, '75 
Wendt, '72 
Wet more, '75 
Wheeler, M. D., '68 
Wheeler, H. A., '80 
White, '82 
Wiechmann, '81 1 
Williams, J. T., '73 
Williams, F. H., '74 
Williams, G. W., '79 
Williams, W. W., '81 
Willis, '78 
Wilson, H. M., '81 
Wilson, W. A., '82 
Wittmack, '82 
Wright, '75 

Young, '82 
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FRASER & CHALMERS' 

IlNIi Ai ilLLlffi liCHimi 

OF THE MOST APPROVED WESTERN PATTERNS. 

COMPLETE GOLD AND SILVER MILLS. 

CONCENTRATION WORKS OF BEST GERMAN DESIGNS. 
SMELTING FURNACES* Lead or Copper. 80 of our make in use. 
CORNISH MINING PUMPS, of all sizes. 
HOISTING ENGINES from 4.hor8e power up to largest direct 

acting, for 3,000 feet depth. 
LEACHING MILLS. SAMPLING WORKS. 
HOWELL, WHITE, STETEFELDT & BRUCKNER ROASTING 

FURNACES. 
HALLIDIE WIRE ROPE TRAMWAYS. COMET ORE CRUSHER, 

Capacity up to 50 tons an hour. 
ENGINES AND BOILERS of all sizes. 
CORLISS ENGINES, and CORLISS COMPOUND ENGINES, 

Etc., Etc. 

We make nothing but Mining and Milling Machimery. 

Works : New York Office : Colorado Office : Montana Office : 

FiltM and UbIod Sts., % Wall Street, 25 CheesnitD Block, Chtmbers Block, 

CBICAOO. ILL, NEW YORK. DENVER. BUTTE CITY. 



THE FRDE VANNING MACHINE, or ORE CONCENTRATOR. 





The most perfect modern appliance for treatment of Slimes of Concentration 
Works, and finely crushed material direct from Stamps or Pulverizers. Successfully 
used on ores of lead, zinc, copper, tin, antimony ; ores of grey copper, brittle and 
ruby silver and tellurides treated with best commercial results. Especially adapted 
to low grade silver ores and gold mill tailings. 

OVER J40 IN USE IN CALIFORNIA ALONE."; 
1DK8CRIFXIVE FAM:P>IILKX ON AFPI.ICA.XION. 



MAKERS : 

FKA»ER & CHALKIER^ 

Union and Pulton Sts., 



CMcago, m. 



WESTERN AGENTS : 

ADAMS k CARTER, 

Z09 California St., 

San Francisco, cai. 



COLORADO AGENT : 

L. C. TRENT. 

45 Cheesman Block, 

Denyer. 



G-KNB3R-A.L A.GrB3NX,. 
2 WALL STREET, NEW YORK CITY. 
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CHARLIER INSTITUTE, 

BOARDING AND DAY SCHOOL 

For Boys and Young Gentlemen, from 7 to 20 years old. 
108 ^^STEST 59th STREET, 

ON CENTRAL PARK. 



The Advantages Claimed for this School are : 

1. A new building, 200x54, erected purposely, with as perfect 

ventilation, drainage, and accommodations as science can 
make them to-day. 

2. Gymnasium, '50x50x26. Chapel of same size. Central Park 

for play ground.- 

3. An experience of THIRTY YEARS. 

4. Experienced Teachers, college graduates, mostly New England 

men, devoting all their time to instruction, untramelled by 
business cares, and preparing pupils thoroughly for COL- 
LEGE, BUSINESS, WEST POINT, NAVAL ACADEMY, 
or any SCIENTIFIC SCHOOL. 

5. Modern" Languages, French, German and Spanish, are taught 

by native teachers, and spoken with them. 



For details, terms, etc.^ send for a prospectus of the school. 



Prof. BLIB CHARLIER, Director and Owner. 
E. STAGEY CHARLIER, Ass't PrincipaL 
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RITTER^S ARBITRARY ASSUMPTION IN HIS 
" METHOD OF MOMENTS," AND THE RESULT- 
ING RESTRICTIONS. 

By JAMES L. GREENLEAF, C.E., '80. 

The mechanical truth, known as the principle of mo- 
ments, has been employed by Professor Ritter to determine 
the stresses in the various members of a frame. 

Supposing a roof truss, as in Fig. i. A section can' be 
taken, as shown by the broken line s s, and all that portion of 
the truss below the line thrown away. If, now, the members 
cut away be replaced by timbers and chains, pushing or pulling 
according to the characters of the stresses in the members, 
timbers in the case of the rafters E and D, and the strut G, 
and chains in the case of the tie-bars B and C, then the portion 
of the truss above the section will still be held in equilibrium, 
and its condition is represented by Fig. 2, in which the arrows 
indicate the directions in which the applied forces act, and 
these forces ars equal to the stresses in the corresponding mem- 
bers. 

The forces A, B, C, D, and G, and the weights w and w' 

may be considered as a system of external forces acting upon 

the frame in Fig. 2. They obey the principle of moments, 

and hence, as the frame is in equilibrium, the algebraic sum of 

7 
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their moments around any point in their plane must equal 
zero. If, then, any point whatever in their plane be selected 
as a centre of moments, and the algebraic sum of the moments 
of the forces be placed equal to zero, the equation can be 
solved with respect to any one of the forces, and its value be 
determined. 

This method, being founded on a mathematical principle, 
is true for any section of any truss whatever, and for any posi- 
tion of the centre of moments. The difficulty is, that while 
the numerical value of a stress can be determined by this 
method, it does not indicate the character of the stress, whetlier 
tensional or compressive. 

Professor Ritter uses the method, but with modifications. 
In order to determine the character of the stress he makes an 
arbitrary assumption. Instead of replacing the stresses cut in 
the section by thrusts and pulls, according as the members 
undergo compression or tension, he replaces all the stresses 
cut, hy pulling forces^ as shown in Fig. 3, and assumes that 
they hold the frame in equilibrium. Then, placing the alge- 
braic sum of these forces equal to zero, and solving with re- 
spect to an unknown force, he obtains a result which not only 
gives the numerical value of the force, but also the sign of the 
result determines the character of the stress ; a positive sign de- 
noting that it is a tension^ and a negative sign denoting that it 
is a compression. 

Of course the assumption that all the stresses cut can be 
replaced by pulling forces, and yet the frame remain in equi- 
librium, is a falsity, and hence the placing of the algebraic 
sum of the moments equal to zero gives an incorrect expres- 
sion. This arbitrary assumption consequently places certain 
restrictions upon the use of the principle of moments, which is 
otherwise of universal application. Within the limits pre- 
scribed by these restrictions the use of the principle will give 
correct results, but overstep the bounds, and the method fails. 
Later, it will appear just what these restrictions are. 

On first examining Ritter's method one asks. Why is it 
that a positive sign denotes tension, and a negative sign com- 
pression ? and further on he finds that unless he copies Ritter's 
diagrams, and selects his centre of moments in the same way, 
manifestly wrong results are obtained. A feeling of distrust 
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possesses him, and hovers like a spectre over all his calcula- 
tions. 

It was the endeavor to remove this unsatisfactory condition 
of mind that led to the following brief discussion, which is 
offered to the readers of The QUARTERLY, not as any deep 
application of mathematics, but as a simple explanation of 
what is really a very simple matter. With all due respect it 
must be acknowledged that Professor Ritter, as represented 
by the English translation of his " Iron Bridges and Roofs ,'' 
states the main points of his method in an indifferent manner, 
so that unless close attention is paid one might fail to observe 



Fig. 1. 




its distinguishing features. He does not mention the fact of 
his arbitrary assumption, or give the reasons for taking the 
centre of moments at certain points. He deals entirely with 
special problems in the opening pages of his book, not starting 
with a general case, or deducing one from the special cases. 
The result is what appears to be a rather unscientific unfolding 
of his method. 

The rule on page 7 of his book applies to a section of 
three members of a frame, and states that if the stress in one 
is to be determined, then the centre of moments must be taken 
at the intersection of the other two. 

On page 8 is explained a method that can be used in a case 
where all the members cut intersect in a point, except the one 
whose stress is to be determined ; and finally, on page 10, ap- 
pears the following, without any special emphasis : ** Further, 
all stresses will be considered as pulling stresses (this has al- 
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ready been done in the former examples), therefore positive 
stresses will represent tension y and negative stresses com- 
pression,** 

The keystone of his method is thus passed over with a 
mere italicizing of the last clause. This may be sufficient for 
one who merely wishes to copy Ritter's diagrams, but if a 
thorough knowledge is desired it is unsatisfactory, and we ask 
again, 

Why is it that on solving the equations a positive sign de- 
notes a tensional stress ^ and a negative sign denotes a compres- 
sive stress ? 

The entire method depends on the use of equations ; if, 
therefore, a general equation is formed and reduced to its 
simplest form, some solution of the question may present itself. 

Taking a section, as shown in Fig. 4, and replacing the 
stresses cut, not all by pulling forces, as in Ritter's method, 
but by pulls and thrusts, according as may be necessary to 
preserve equilibrium, a correct application of the principle of 
moments can be made for any centre of moments, as O. Con- 
sidering rotation in the direction of the hands of a watch posi- 
tive, and placing the algebraic sum of the moments of the 
forces equal to zero 

Ff-Gg+Hh-Kk=0. (A). 

All moments must be either positive or negative, and 
hence equation A is of a general form. All moments may be 
classified as belonging either to a positive class or a negative 
class, represented in the case of equation A by (— Gg— Kk)+ 
(Ff+Hh)=0, and hence the simplest form for the general 
equation is 

Class- Class=0. (B). 

From equation B it is seen that the positive class and the 
negative class of moments are equal, and the numerical value 
of any moment of either class is equal to the other class minus 
a smaller quantity, viz., the remaining moments of its class. 
Also, the two classes have opposite signs when in the same 
member of the equation, and hence the same sign when in op- 
posite members of the equation. It follows from these two 
facts, that whenever the equation is solved for the value of the 
stress causing any one of the moments in either class, a posi- 
tive result will always be obtained. If rotation in the contrary 
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direction to the hands of a watch had been taken as positive, 
the same conclusion would have been arrived at. 

Suppose now, that instead of the method just taken, Rit- 
ter's method be applied, that is, all the stresses cut be replaced 
by pulling forces. The effect upon equation B is that in the 
case of compressive stresses the moments representing them 
have contrary signs from what they have by the first method. 

If, now, only one compressive stress appears, and the equa- 
tion be solved with respect to it, the result will be a correct 
numerical value, and an opposite sign from what would be ob- 
tained by the first method ; in other words, a compressive stress 
will always have the negative sign. If no compressive stress 
appears, and the equation be solved with respect to a tensional 
stress, the result will be the same as by the first method ; in 
other words, a tensional stress ivill always have the positive 
sign. 

In the preceding remarks appears, then, the reason for Pro- 
fessor Ritter's statement, that " positive stresses will represent 
tension, and negative stresses compression,*' but it will be no- 
ticed that it is only true under certain conditions. In the case 
of solving for a compressive stress, it must be the only com- 
pressive stress appearing in the equation, for if there were 
more the algebraic sum would give a different value from what 
would follow a correct replacing of the stresses cut by the sec- 
tion ; in the case of solving for a tensional stress there must, for 
the same reason, be no compressive stress appearing in the 
equation. A statement covering both these cases is, that 
there must no compressive stress appear among the known 
terms of the equation. We are now prepared to frame the 
following : 

GENERAL RULE FOR RITTER'S METHOD. 

To find the value and character of the stress in any mem- 
ber of a truss, select a section cutting the member in question, 
and also a centre of n^oments, in such a way as to exclude all 
unknown stresses but the one to be determined, or else reduce 
their moments to zero : and also select the centre of moments 
in such a way as to reduce to zero the moments of all known 
compressive stresses cut by the section. Replace all the 
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stresses cut by pulling forces. Consider rotatioh in one direc- 
tion positive, and in the other negative. Place the algebraic 
sum of the moments of all the forces equal to zero, and solve 
with respect to the unknown stress. A positive result shows 
it to be a tensional stress, and a negative result shows it to be 
a compressive stress. 

It is apparent that if in the case of a known compressive 
stress its sign be changed, it is not necessary to eliminate its 
moment from the equation, and hence can be derived a general 
rule, which is perhaps a good modification of Ritter's method, 
viz.. 

Select a section cutting the member in question, and also a 
centre of moments, in such a way as to exclude all unknown 
stresses but the one to be determined, or else reduce their 
moments to zero. Replace the unknown stress by 2^ pulling 
force, and replace the known stresses by pushing or pulling 
forces, according as they are compressive or tensional. Con- 
sider rotation in one direction positive, and in the other nega- 
tive. Place the algebraic sum of the moments of all the forces 
equal to zero, and solve with respect to the unknown stress. A 
positive result shows it to be a tensional stress, and a negative 
result shows it to be a compressive stress. 



THE HUDSON RIVER TUNNEL. 
By a. L. walker, '83. 

The Hudson River Tunnel Company was incorporated for 
the purpose of joining the shores of New York and Jersey 
City by means of a tunnel under the Hudson. 

After soundings had been taken in various places, a line for 
the tunnel was situated so that, with the required grade from 
the approaches, the top should not be less than twenty feet 
below the bed of the river. It was decided to have two 
parallel tunnels, each with a single track, instead of one large 
one capable of holding a double line, the reason for this being 
that it would leave more room between the top and the bed of 
the river. Less material would have to be removed in the 
case of the two tunnels and fewer bricks required. 
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The method employed is known as the ** Haskin** system 
of tunnelling in soft material in which the tendency of the 
earth to cave in is counteracted by the force of compressed air. 

In the year 1874 work was commenced on the Jersey City 
side, where the tunnel was to be started. A shoe made of 
yellow pine was built up so that it was four feet wide on top 
and four feet deep, provided with a cutting edge of boiler-iron, 
and was placed in position about seventy feet from the river. 
This shoe was intended to form the bottom of a shaft, thirty- 
eight feet in diameter, from which the tunnel could be driven. 
Solid brick-work laid in Rosendale cement was built upon this 
shoe, and the sinking commenced. 

At this time the Delaware, Lackawanna & Western Rail- 
road obtained an injunction against further work, and for almost 
four years nothing at all was done. 

In 1879 work was again resumed in the same place, the 
shoe being down fourteen feet. The brick-work was built up, 
and the sinking proceeded at the rate of a foot a day without 
intermission till the bottom of the shaft was sixty feet below 
the surface and fifty-four feet below high water mark. The 
material through which this shaft was sunk is silt, a black 
clayey mud, and much like putty in character. To give an 
idea of its softness, the engine that was used to hoist the ma- 
terial out of the shaft during its sinking, had to be moved to 
different points of the compass, as the throbbing made that 
side of the shoe nearest it sink more than the rest. 

While the shaft was in this silt, very little water came in 
and this was easily pumped out, but when down to the full 
depth, and the bottom resting on the sand, water flowed in 
rapidly. A wooden curb, four feet six inches in diameter lined 
with brick, was sunk in the centre to a depth of four feet. The 
well was filled with stones, to prevent, in a measure, the flow 
of large amounts of sand. 

The bottom of the shaft was then covered with concrete, 
which was laid two feet six inches deep at the centre and three 
feet deep at the sides, to keep the water out. A pipe, twelve 
inches in diameter at the bottom, and reduced to four inches at 
the top, was put in the well and the water confined to it. The 
water rose in this pipe to a height of nine feet below the mean 
level of the river, rising and falling with the tide, though not 
as much. 

As the compressed air had to be used as soon as the ex- 
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cavation was commenced, a hole was made in the side of the 
shaft and an air-lock, fifteen feet long and six feet diameter, 
was put in. At first an excavation was made, the full size of 
the approach to the river, and the work carried on without 
putting up a shell of iron, but after an advance of four feet the 
silt caved in, in spite of the air-pressure. Some difficulty was 
experienced in getting the door of the lock open again, as the 
material had fallen solidly against it, but after the bull's-eyes 
in the door had been knocked out, an opening was made and 
an excavation of smaller dimension commenced, the precaution 
being taken to put plates of iron over the top as the work ad- 
vanced. As the air-lock had been put in above the projected 
line of the tunnel, the digging was carried on at an incline of 
about 45® till that line was reached, then the regular work of 
the tunnel commenced. Each tunnel is seventeen feet ten 
inches high, and fifteen feet ten inches wide in the clear, the 
iron shell one-fourth of an inch thick, inside of which bricks 
are laid two feet thick. 

The work on the Jersey City side is all in silt, and its pecu- 
liar properties make it especially adapted to this kind of work. 
If dry, it will crack and leave spaces for the air to pass out, 
but, on the contrary, if mixed with water it will seemingly 
dissolve, and this property is made use of in getting rid of the 
refuse material. If, however, the silt has just enough water in 
it, it will form a stable material that may be cut or molded 
like clay, and will stand with the aid of compressed air for 
some time. This stage is reached by having a sufficient pres- 
sure of air in the tunnel to keep the water from saturating the 
soil and not enough to drive it all away. The pressure has to 
be regulated very carefully, as the difference of pressure of one 
pound will make the difference of a stable or an unstable ma- 
terial. 

The silt is excavated along the top of the tunnel for a 
distance of ten feet, and pieces of boiler-plate, two feet six 
inches wide and eight feet long, bent so as to form the required 
ellipse, are riveted together by means of three-inch angle-irons, 
which are put around the edge of each plate. There are four- 
teen plates in each ring. The silt is excavated around the 
sides as the shell approaches the bottom, till the ring is com- 
pleted. Then six courses of brick-work are laid in Rosendale 
cement inside the shell, and the work for that section is fin- 
ished. It will thus be seen that the regular work is about as 
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simple as it could possibly be. as there is no necessity for tim- 
bering if the plates are put up within a reasonably short time 
after the excavation is made. A six-inch pipe is carried 
along the bottom of the tunnel through which half of the 
waste silt, in the form of a fluid paste, is forced by the excess 
of pressure of the air in the tunnel over that outside. The 
other half is carried back and left in the tunnel, so that it can 
be removed at a future time, when the lock is moved forward. 
When the nature of the ground is such that the method 
just explained would not be safe, the work is carried on by 
means of what is called a pilot. This is a wrought-iron tube, 
five feet six inches in diameter, made of plates one-fourth 
of an inch in diameter, riveted or bolted together by means 
of flanges, which is carried forward into the heading, with 
its axis about two feet above the centre of the tunnel. A 
cut is excavated into the heading large enough to allow one of 
the plates being put in, which is held in position by props, 
then cuts are made on each side of it and two more plates put 
in place. Successive cuts are made in the circle of the pilot 
and the plates put in and secured till the ring is completed, 
then the next ring is put in in advance, and so on till the re- 
quired depth is reached. The plates of the main shell are 
then put up and connected in the same way as before, but 
each plate is supported by a brace from the pilot. The rear 
end of the pilot is firmly braced in the finished brick-work, 
and the forward end firmly fixed in the heading, so that it 
forms a rigid support for the main shell. In soft and varying 
ground this method is very advantageous, if not necessary, but 
when the ground is stable the work may be carried on without 
the pilot, and much time saved. A considerable portion of 
the tunnel has been built without it. At first the whole space 
from the lock in the shaft to the headings of the tunnels was 
filled with compressed air, but as the work advanced it was 
found necessary to put solid brick bulkheads in each tunnel 
and so reduce the space to be filled with the full pressure of 
the air, on account of leakage. These bulkheads are four feet 
thick, backed with a layer of timber one foot thick, and are 
each provided with two locks. One of the locks is always 
open toward the heading, and the other toward the shaft, so 
that in case of an accident the men may find refuge in them, 
as the silt will always cave in slowly, and they will have time 
to do this before the water comes in. 
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These locks are made of three-eighths inch boiler-iron 
double riveted longitudinally and single riveted laterally. The 
doors in each end are one-half inch plate, provided with a bull's- 
eye, and when closed are perfectly air-tight. 

When the work was first started both tunnels were built up 
at once, but after proceeding for a little over ninety feet, the 
heading of the south one was bricked up, and operations car- 
ried on in the north one alone. Now they are progressing at 
the rate of one hundred feet per month, and are in sixteen 
hundred feet. Work was resumed for a time in the south 
tunnel and that was driven five hundred and sixty feet, but 
now they are doing nothing in it and the heading is bricked up. 

When the compressed air was first turned on the pressure 
was eighteen pounds to the square inch, and this pressure was 
maintained for some time, but lately, since the tunnel has been 
so far out under the river this pressure has had to be increased. 
It is not necessary to have a pressure in the tunnel correspond- 
ing to a column of water of the height of the level of the river 
above the top of the tunnel, as might be supposed, as the 
friction of the silt will sustain some of the weight itself. No 
bad effect has been observed in the men due to this increased 
pressure, but they only stay in the tunnel four hours at a time, 
coming out in the middle of the shift. However, if a man is 
not regular in his habits, or is subject to heart disease, the re- 
sult may prove serious. 

The soundings and borings taken along the line show that 
these tunnels will run in silt all the way till those from the 
New York shore are met, and as the engineer in charge re- 
marked, ** This material could not be better to work in if it 
were made to order, as long as complete power is retained 
over the pressure of air." 

As the original plan was to meet the tunnels from Jersey 
City by two driven from New York, work was commenced on 
this side in the latter part of last year, and now has been fairly 
started. 

As these tunnels have to be driven in an entirely different 
material from those on the other side, an entirely different plan 
of work had to be adopted. In the first place, a caisson made 
of thick planks running at right angles to each other and bolted 
together was sunk, instead of a brick shaft. This caisson is 
twenty-nine feet six inches wide, and forty-eight feet long at 
the bottom, and has a batir of three feet six inches. It is three 
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feet thick and is sunk fifty-five feet. Across the centre runs a 
horizontal partition that is air-tight, and through which the 
men and material pass by means of air-locks. The line of the 
tunnels had been marked out on the caisson before sinking, and 
no bolts or nails were put there, so that when down the wood- 
work could be cut away by boring holes near each other along 
the line and cutting the space between them. The air-press- 
ure was turned on in the lower part of the caisson and as the 
holes were bored this air escaped, and dry cement had to be 
put in to prevent this. When this wood-work had been cut 
away, iron plates were got in readiness, and the excavation was 
commenced through the sand. 

At this point it was thought by many engineers that the 
enterprise would have to be stopped or a different method of 
working than that of compressed air used. The reason was 
that the wet particles of sand had very little resistance to 
sliding upon each other, and so the roof would not stand for 
any time at all. Thus the top plates could not be gotten up, 
as on the Jersey City side. However, by perseverance, and 
after many trials, a way to overcome this difficulty was found. 
A timber ten inches by twelve inches was run in horizontally 
along the top of the arch from the caisson, and by means of the 
end that still remained in the caisson, was held in this position. 
The sand thus supported could be excavated for a short dis- 
tance around it. The plates also were reduced to fifteen 
inches in width, and on account of being so narrow, could be 
shoved along the timber before the sand had time to cave in. 
After they were in they had to be propped up by short tim- 
bers from the sand below. Putting in the shell in such narrow 
rings had also the advantage of giving it greater strength, as 
there were more angle-irons in a given length than on the other 
side. 

After the shell was up, ready for the brick-work, another 
difficulty was encountered, from the fact that the water and 
sand on the bottom of the heading was not retained by the air- 
pressure, but came into the tunnel and lay upon the shell so 
that the bricks could not be put in place. A wall of brick, 
one foot high, was built across the forward section, which 
checked this flow of water and sand, then the invert was laid. 
The method of advancing the tunnel is a little more complicated 
than on the other side, though here one section is entirely 
finished before another one is commenced, in the same manner 
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as there. In beginning a section seventeen pounds pressure is 
put on, and an excavation about three feet in height is made 
along the top of the tunnel for a distance of about twelve feet, 
plates being put up as fast as the digging advances. As soon as 
these plates are put up, they are held in place by short tim- 
bers, which rest on boards that are imbedded in the sand 
below. As soon as the top of the arch is put in in this man- 
ner, the sand is dug away from the sides, and the plates carried 
down from the top following the excavation. As the sand falls 
from the foot of the timbers supporting the roof, a large timber 
is run in horizontally with the tunnel ; one end of it rests 
in the sand in the forward part of the section to be completed 
and the other is firmly supported in the finished part of the 
tunnel. This timber acts as a centre for timbers that radiate 
at right angles to it, to support the top and sides of the shell. 

When all the shell for that section is up and riveted to- 
gether, the timbers are taken down and a low wall thrown 
across the heading to keep out the sand. Six courses of 
masonry are then laid inside the shell, commencing at the bot- 
tom and working up one side and then the other. 

In excavating the sand, the air-pressure is increased as the 
space between the sand and the top of the arch -is increased, as 
the sand is not at all stable and the pressure against the sides 
and top has to be resisted by the air until the ellipse is closed. 

The refuse material is shovelled into cars, which are run 
back and dumped into a vertical lift, from which place it is 
taken to the surface. 

Here, as on the other side, the electric lights are used, and 
they are found to work very well up to a distance of about one 
hundred feet, but beyond that the light is to a great extent 
lost, and candles have to be used till another light is put up. 

As has been stated the tunnels from Jersey City will 
probably run in silt all the way, unless those on this side are 
very much retarded. On this side the tunnels start wholly in 
sand, but have already met a little silt in the top at a distance 
of about one hundred feet from the caisson. From this point 
till about six hundred feet out, the line of silt gradually nears 
the floor but does not quite reach it. This will enable the 
work to proceed faster, as the roof of silt will be more stable 
than one of sand as it is now. For the next two hundred feet 
the line of sand gradually rises till it almost reaches the roof, 
and the line of the tunnel runs across the top of a bed of rock. 
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This rock remains in the tunnel for a distance of four hundred 
and fifty feet, rising as high as the centre and then falling uni- 
formly till it leaves the tunnel altogether. The bottom of the 
tunnel remains in sand for six hundred feet farther, and then is 
entirely in silt. 

It is hard to say when the tunnel will be finished, but if 
work was done steadily at the rate that it has been proceeding 
lately, connection between the shores by the north tunnel 
would be made in a little over two years. This is of course not 
allowing for any accidents, which are almost sure to happen in 
a great work like this, and even if they are not serious, will 
delay the work. 

When it was doubtful whether this method of working 
could be carried out on the New York side, General W. Sooy 
Smith proposed the following plan : A line of caissons was to 
be sunk for a short distance from the shore and the tunnel 
built under them, then they were to be moved forward and so 
on till the deepest part of the river was passed. A movable 
caisson could also have been used, and as the matter had been 
thoroughly looked up by General Smith, the plan would 
have undoubtedly been good. It would cost more, how- 
ever, and seriously impede navigation, so if the tunnels can be 
carried out by the present method it is no doubt the best one, 
but not the safest. 

In order to understand the great advantage of this work, it 
is only necessary to remember that the great majority of the 
people that come from the West have to come by boat across 
the river, and that every one has to wait from fifteen to twenty- 
five minutes from the time that they leave the cars till they reach 
the city. Whereas, when the tunnel is completed, all the cars 
will be switched off on one central track, and will be in the 
centre of the city in a few minutes. 

For further details, reference is made to the ** Transactions 
of the American Society of Civil Engineers/* July, 1880, and 
September, 1882. 
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METHOD OF WORKING IN THICK DEPOSITS OF 

IRON ORE/ 

By S. W. BALCH, '83. 

This method was studied at the Cheever mine in the town 
of Richmond, in Western Massachusetts. 

The town is six miles square. Ranges of hills rising from 
five hundred to a thousand feet above the valley extend north 
and south along its eastern and western borders. A limestone 
ledge extends through the town in a north and south direction. 
One deposit of ore is being opened on the west side between 
the ledge and the hills. Ten deposits have been found along 
the eastern edge of the lime ledge and at the foot of the hills 
on that side. The Cheever mine is in the central one of 
these. Ore has also been mined in a basin among the hills 
east of the line of deposits mentioned. The ore is brown iron 
ore. 

The workings where we will consider them are in a deposit 
of ore forty feet thick, or eighty feet from foot to hanging, 
measured on a horizontal line. The foot-wall is the limestone 
ledge ; it has an inclination of thirty degrees. In some places 
ochre as much as five feet thick lies between the ore and the 
limestone ; this is not mined. The hanging-wall consists of 
loose material, earth, and ochres. Where the deposit was close 
to the surface and the covering of earth was light, the ore was 
mined from an open pit. This method is not adapted to the 
mining of the deeper portions of the deposits, and the present 
workings are underground. 

The method of the underground mining consists in remov- 
ing a horizontal layer of ore from ten to fourteen feet thick, let- 
ting the hanging crush in and fill the space worked out, then re- 
moving another layer and letting the cover of earth come 
down again, and so on until all the ore is removed. Thus the 
levels are closed in a descending order, though not necessarily 
opened in the same order. The order in which the levels are 

1 A more complete discussion of the methods of working in such deposits will b« 
found in Callon^s Lectures on Mining, Art. 256-366. 
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opened will depend upon considerations regarding the hand- 
ling of the ore and the maintaining of a constant output. 

The main gangways follow the foot-wall. If the hanging 
had been followed, then, in case of raising the roof of the gang- 
ways in retimbering, earth would be removed instead of ore. 
From the main gangway on each level drifts are run, crossing 
and recrossing so as to divide the ore in each level into pillars 
twenty to forty feet square. At the time of the visit to the 
mine the lowest level, one hundred and fifty feet below the sur- 
face, was permitted to remain nearly filled with water; the 
next level above was used as the truck-way ; over this was the 
level being robbed and where all the miners were at work. 
All the other levels above had caved in, so the earth which cov- 
ered the ore taken from the first level is now but a few feet 
above the level in which the ore is at present being removed. 

Before abandoning a level the refuse material — dirt washed 
in, ochre, and old timbers — are stowed in those parts of the level 
where they will prevent the caving in of the roof from injuring 
the level below. The miners take out as many of the sound 
timbers as they can with safety before leaving the level. It 
will be seen that the gangways need to be kept in repair only 
while in actual use. 

Attention is called to the small amount of ore removed in 
driving gangways and the large amount left to be removed by 
robbing. In the method by which the mine was formerly 
worked, more gangways were driven, the pillars of ore to be 
robbed were much smaller, and the pressure of earth on them 
was therefore concentrated. This made the complete removal 
of the ore frequently impracticable, and the robbing always dif- 
ficult and dangerous. With the present method the pressures 
are distributed over larger pillars, and less skill is required. 
The ore is replaced by props as it is removed in the robbing 
and all can be taken out. On account of the earthy character 
of the roof, lagging-pieces are placed between the props and 
the roof. These lagging-pieces are held in position by a short 
plank or stick of timber under their centres, this stick being sup- 
ported at the centre by a prop. Chutes holding one to two tons 
connect the workings with the truck-level below. These chutes 
were placed at such intervals that the ore would not have to be 
wheeled more than twenty-five feet to them from the working 
places. The chutes deliver the ore directly into the buckets 
in which it is wheeled to the shaft on trucks and hoisted. 
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HANDLING OF COAL IN THE ANTHRACITE MINES 
OF PENNSYLVANIA/ 

By F. POWELL and T. W. RIDSDALE. 

The method of attacking a coal seam depends on its situa- 
tion. In some cases it lies in a hollow in the tops of the 
mountain, forming a basin, the outcrop of the coal being 
traceable all around the sides. In many places erosion of the 
earth's surface after the formation of coal has made valleys 
through the coal-fields, and we find the outcrop of the vein 
stretching along half way up the mountains on either side. 

In the first case two methods may be employed. A 
vertical shaft may be sunk in such a position that it will 
strike the lowest point in the bottom of the basin, from which 
point the deposit is opened up by gangways in various direc- 
tions. Or, an inclined shaft or slope may be sunk, beginning 
at the outcrop on the side, and following the coal down to the 
bottom of the basin as before, gangways being driven in op- 
posite directions along the sides of the basin at intervals of 
two or three hundred feet in the descent. 

Where the coal crops out along the side of a mountain, a 
drift may be driven in the coal itself, or a tunnel driven in the 
top or bottom rock, so as to strike the deposits at some con- 
venient point from which gangways are started. 

At Drifton, the coal seam forms a basin whose major axis 
has a north and south direction, and is about three-fourths of 
a mile wide. It is worked from both sides by slopes and drifts. 

The gangways are usually about twelve feet wide and seven 
feet high, but the size is often limited by the thickness of the 
vein. Where it is possible, a grade of about one-half a degree 
is given to the gangway to secure the flow of water toward the 
foot of the shaft or slope, whence it is pumped to the surface. 
This grade also favors the haulage of the loaded cars toward the 
same point, from which they are hoisted to the surface. Where 
the vein lies very flat, it is, of course, impossible to secure a 
uniform grade, because the uneven surface of the bottom-rock 
in this case forms the floor of the gangway. 

* Extracts from ** Summer Memoir of 1882," prepared at Drifton, Penn. 
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At right angles to the gangways breasts or chambers are 
excavated in the coal. These breasts are about ten yards wide 
and are driven through from one gangway to another, a dis- 
tance of two hundred feet or more in some cases. Pillars 
of solid coal about fifteen feet thick are left between the breasts 
to support the roof or top rock. 

At the face of the breast the coal is loosened or **cut'* by 
blasting with common powder, or very often some of the higher 
explosives. When necessary it is broken up with a sledge 
into pieces that can be easily lifted into the cars. 

The methods of bringing the coal from the face of the 
breast to the gangway vary with the dip of the vein. The 
breasts are always on the uphill side of the gangway, so as to 
facilitate the handling. 

First, — Where the vein has a dip of eight degrees or less, 
the breasts are said to be flat. Branches are laid from the 
railroad track in the gangway to the face of the breast, and the 
cars hauled in by the mules to a position convenient for load- 
ing. The rails used weigh about twenty-five pounds to the 
yard in the best practice. In some mines wooden rails are 
used. They are strips of oak, about two inches thick, which 
become worn out by the time the breast is worked out. The 
switches are simple in character, being generally of the kind 
known as top latches. 

Second. — Where the vein has a dip of more than eight and 
less than twenty-two degrees, it becomes impossible for mules 
to haul the empty cars into the breast, so that chutes and buggy 
roads become necessary. The chutes are made of two-inch 
plank, supported on props about six or eight feet apart. The 
props usually extend from the floor to the roof, and serve to 
support the top rock as well as the chute. The buggy roads 
axe supported in the same way. The pairs of props are con- 
nected by a couple of two-inch plank spiked to them, with the 
edges up. On these longitudinal pieces are laid, and on these 
again, the ties to which the rails are fastened. The track may 
have a gauge of three or four feet, depending on the size of the 
breast and the amount of coal to be handled. The buggies 
used with the narrow track have a capacity of twenty-six cubic 
feet, and about four buggy loads fill a car. Those used on the 
wider track have a capacity of thirty-two cubic feet, and three 
loads fill a car. The chute itself holds several buggy loads, 
and has a gate at the bottom. 
8 
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When the breast is first begun only the chute is necessary. 
This has an inclination of not less than twenty-one degrees, 
and rises more rapidly than the floor of the breast. As soon 
as the excavation has proceeded a few yards, a platform nearly 
level has to be made from the top of the chute to the floor of 
the breast at the face. On this the buggy road is laid. As 
the work progresses, the buggy road is carried forward until it 
becomes so steep that the empty buggy is pushed with difficulty 
up to the face by the miner. Then the chute is lengthened, 
and the whole length of the road is raised so as to be nearly 
level again, and additions are made as before until the grade 
again becomes too steep. The road is built by the miner who 
works the breast after the first length has been put up by the 
timbermen. 

Third, — Where the dip of the vein is more th^in twenty- 
two and less than thirty degrees, simple chutes are used. 
They are lined with sheet-iron, and have an inclination of 
about twenty-one or two degrees. The chutes are ex- 
tended as the breast is enlarged. The coal is shovelled into 
them at the upper end and slides to the bottom, where there is 
usually a gate, by means of which a car-load of coal may be 
accumulated in the chute, and the car loaded as soon as it is 
brought. 

This is a matter of some importance, as the car has to stand 
in the gangway while being loaded, and if it is not ready 
when the trip is made up to go out, it must be taken along 
and left on a siding until the next empty trip comes in. The 
miner will then lose a car-load, and as he is paid by the car, 
and not by the day, he will lose about eighty or ninety cents. 

Fourth, — Where the vein dips more than thirty and less 
than thirty-five or six degrees, the coal will slide of itself on 
the bottom rock. A level platform is generally built at the 
bottom, from which the coal can be conveniently shovelled 
into the cars. 

Fifth, — Where the dip is greater than thirty-five degrees, 
the erection of a " battery *' becomes necessary to check the 
descent of the coal. The construction of one of these can be 
readily understood from the cut. Props of heavy timber are 
placed at right angles to the bottom rock. The lower ends arc 
let into the rock eight or ten inches, so that they cannot be 
pushed out of place, and the upper ends are wedged firmly 
against the top rock. A timber is sometimes placed across 
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the battery at the top and let into the coal at both ends. This 
serves to secure the props against being pushed over at the 
top. Lighter timbers are placed horizontally across the props, 
and against these the coal rests. An opening about two feet 
high and three or four feet long is left for the coal to pass 
through. A platform is built immediately below the battery, 
and on this the coal piles itself up so that its flow is prevented 
except as it is shovelled away from the opening. Man-ways 
are left at the side of the breast, protected by timber and pro- 
vided with steps. The breast is kept nearly full of broken 
coal, upon which the miners stand when at work. 

In very steep breasts two batteries are used, the lower one 
being lighter than the upper one, and serving as a support to 
the man who loads the car, and to check the too rapid des- 
cent of the coal. Breasts in veins that are nearly or quite ver- 
tical are worked in this way. 

The cars used at Drifton are built at the company*s shops, 
and cost about seventy-five dollars each. They consist of a 
frame of wood lined with sheet-iron. A noticeable feature of 
their construction is the method of securing the lower end of 
the vertical posts of the frame in castings, which are bolted to 
the outer side of the main floor timber. This increases the 
cubic contents of the car by the thickness of the frame on each. 
side. Sprags are used instead of brakes. These are sticks of 
hard wood, a foot or so in length, two inches in diameter at 
the middle, and tapering to a point at both ends. They are 
thrust between the spokes of the wheels, and by catching 
under the body of the car, effectually prevent them turning^ 
round. In order to lessen the resistance on curves, only one 
wheel of every pair is fixed to the axle ; the other is free ta 
turn faster or slower, as the case may require. 

A self-oiling box is used on these cars, which is quite sini^ 
pie in design and gives very good satisfaction. The lower 
half of each box is hollow, so as to contain a week's supply o( 
oil. A wooden roller is so fixed in this cavity as to be revolved 
by contact with the axle, and dips into the oil below. The 
upper half of the box is of brass and of the ordinary pattern. 

The dimensions of the cars are as follows ; Extreme width, 
5 feet ; extreme length, 10 feet; height above rail, 5 feet i^ 
inches ; capacity, 92 cubic feet ; weight, empty, 3,000 lbs. ; 
weight, loaded, 9,650 lbs. (average) ; weight of wheels and. 
axles, 700 lbs. ; net load, 2.97 tons ; gauge of track, 4 feet. 
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^ Locomotives are used to haul the cars in trips to dif- 
erent points, whence they are distributed to the breasts by 
mules. 

The heaviest grade on the locomotive roads is about five 
degrees ; on the mule roads, ten degrees. Eight degrees is 
about the steepest grade up which a single mule can haul an 
empty car. Occasionally a mule with a large experience in 
the business will be found who can do a little better. 

Some notes taken with the object of ascertaining the com- 
parative cost of haulage by mules and by locomotives, at No. 
I and No. 2 slopes at Drifton, give the following results : 

At No. I, the total cost per day, including interest on first 
cost, repair, fuel, attendance, etc., for one locomotive, was 
$8.24. 

Cost per day of equivalent number of mules (in this case 
sixteen), $28.88. 

Number of tons of coal hauled, 630 ; cost per ton by loco- 
motive, 1.3 cent ; by mules, 4.4 cents. 

At No. 2 slope, under slightly different conditions of grade, 
etc., the cost per ton was, by locomotive, i cent ; by mules, 3 
cents. 

To get a general idea of the way the cars were distributed 
to the breasts, a train of ten cars was followed to its destina- 
tion in the mine and back to the surface. The train, or trip, 
as it is called, of empties, was run in a distance of several hun- 
dred yards and switched into a side gangway. From this 
place it was hauled by a team of five mules a distance of about 
four hundred yards up a grade of five or six degrees. The 
train was then divided into two parts, one of three and one of 
seven cars. The seven cars were taken and distributed by a 
driver with two mules. The five-mule team returned to where 
the locomotive delivered the cars. The two-mule team hauled 
the cars along until the first breast was reached, when the first 
car was detached and hauled in to the face. The remainder 
were hauled to the next breast and the second one detached, 
and so on, the last one being taken to the face of the gangway. 
It was first, however, left on a siding until the loaded car at 
the face of the gangway had been hauled out. The distance 
from the siding to the end of the gangway had thus to be tra- 
velled four times, occupying twenty minutes. The loaded car 
in coming out had to be hauled up a grade of seven degrees 
for a distance of perhaps a hundred feet. It was about all that 
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the mules could do, and they stopped to rest several times, 
the car being spragged to prevent its rolling back. 

The cars from the breasts were collected in the reverse of 
the order in which they were distributed, and were hauled to 
the point where the five-mule team left them. Here the team 
was detached and left to stand alone, while the cars were run 
by gravity down to the place where the locomotive first deliv- 
ered them. The time of the round trip from this place was 
one hour and five minutes. The locomotive then hauled them 
to the surface. 

Gravity roads and self-acting planes are often used in mines 
for transferring the cars from higher to lower levels, so as to 
bring them to points convenient for hoisting. Self-acting 
planes are used with slopes varying from five up to forty de- 
grees, the steeper grades requiring rather powerful brakes. 
There may be two tracks on the slope connected by suitable 
switches with each other, and with the gangway tracks at top 
and bottom, or there may be but a single track with a turnout 
of sufficient length half way between top and bottom. 

At the top of the plane is a sheave round which the rope 
passes, and to which the brake is applied. One end of the 
rope is attached to a loaded car at the top, and the other to an 
empty one at the bottom. The loaded car is started down the 
incline, which is made steeper at the top to render the starting 
more rapid. In doing this it passes from the track on which 
the loaded cars come, over a switch on to a piece of track used 
by both loaded and empty cars. The switch is closed by a 
spring to prevent the empty cars coming up on to the track 
of the loaded cars. This divides into two by means of a 
switch, which is opened by the car as it comes up and remains 
open, so that the next car going down will take the track on 
H^hich the last one came up. At the bottom is a similar ar- 
rangement of switches ; first, one which is opened by the down 
car, so that the next up car takes its track ; and then one that 
works with a spring, so that the down cars always go on to 
their proper track. 

Instead of a single sheave at the top there may be two, or 
more, the rope passing round them in such a way as to in- 
crease the length in contact with their surface, in order to pre- 
vent slipping when the brake is applied. The brakes are 
generally made to act by means of a weight. The power of 
the man in charge is required to remove the brake when the 
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car is in motion, the weight causing the brake to be applied as 
soon as his hand is removed from the lever. 

It is advantageous to have the planes begin with a light 
grade at the bottom and end with a steep one at the top, by 
means of which the loaded car starts the empty one quickly, 
and the empty one, coming to a steep grade at the top, is re- 
tarded so as to bring both to rest. This arrangement of grades 
is, however, not often practicable in underground planes, as 
the slope of the track has generally to conform to the dip of 
the coal seam. 

At No. I, Drifton, the greater number of the cars are 
hauled out by the locomotive, only a few being run to the 
bottom of the slope and hoisted up. The part of the mine 
most accessible from the slope is nearly worked out. At 
No. 2 all the coal is hoisted up the slopes, the empty cars 
being run in by the locomotive. Two methods of hoisting are 
used. One method is by the use of a " gunboat,** a car made 
of boiler-iron, shaped so that the top is level as it stands on 
the slope. The mine cars are dumped at the foot of the slope 
into the gunboat by means of an automatic arrangement 
shown in the illustration. Its action will be described here- 
after. The other method is by the use of a ** barney," by 
means of which the cars are hoisted and dumped at the top of 
the breaker. The barney runs on a narrow track of its own, 
inside the regular car track, and sinks into a pit at the bottom 
of the slope, so that the cars can pass over it, as shown in 
Plate I. The cars are switched off on the surface as they 
come down from the top of the breaker, and taken into the 
mine by a locomotive. 

As the barney comes down into the pit, the running 
wheels pass below the guide-rail {a ^),and the small wheels {e) 
at the sides of the buffer pass just above it. At ^ ^/ is a latch 
which is raised by the small wheels as the barney passes back 
into the pit and falls again by its own weight. When the 
barney moves forward the wheels {e) pass up over the rails {cf)^ 
thus raising the buffer so as to strike the car above and push 
it forward. The rail (a b) prevents the front wheels from being 
lifted off the track when the first strain comes on the rope. At 
the top of the breaker the car- track curves over, so as to be 
about level, the front axle is caught by a stop, and the buffer, 
which now makes a considerable angle with the floor-timber of 
the car, raises the back end so that the coal slides out. 
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As soon as the rope slackens, the car and the barney resume 
their former relative positions, and descend together as far as 
the surface of the ground, where the car is switched off, as said 
before. 

The engine which hoists the gunboat is double, direct- 
acting, with cylinders twenty-two inches in diameter and six 
feet stroke. The cut-off is thrown out of gear by a lever in 
reach of the engineer's foot when the engine is started. The 
link motion is connected with a piston in a small steam 
cylinder, the valve to which was moved by the reversing lever. 
With the ordinary steam pressure, eighty pounds, this just 
about balances the resistance due to the weight of the links 
and eccentric rods, so that it requires very little exertion to 
reverse the engine. The gunboat is hoisted from the foot of 
the slope to the top of the breaker with nineteen revolutions 
of the engine in thirty-five seconds. The distance is 627 feet. 
At a trial of speed nine hoists were made in eight minutes 
three seconds. The usual number of gunboats of coal hoisted 
per day is about three hundred. 

The engine which hoists with the barney is single, and is 
geared so as to make four turns to one of the drum. This en- 
gine also does the hoisting in the timber slope. 

** Tell-tales" are used to show to the engineer the position 
of the car or cage as it passes up or down the slope. The 
simplest form of these consists of a pair of vertical guides in 
which a small weighted index moves up and down. A cord 
of fine wires passes from this index up over a small sheave at 
the top, and down to a rod or piece of gas-pipe fixed in the end 
of the drum shaft. It winds on and off of this pipe as the rope 
winds on and off of the drum, and the index travels over a 
correspondingly shorter path. Marks made at different heights 
on the guides show when the car reaches different levels in the 
mine. A mark on the drum, or a piece of hemp on* the rope, 
shows more accurately the position of the car in dumping at the 
top, where the variation must not exceed a few inches. 

The famous Pottsville shaft affords probably the best exam- 
ple of vertical hoisting in the anthracite region. This cuts the 
Diamond vein at a depth of 1,133 f"S^t, and the Primrose vein 
at 1,576 feet. Two double-deck cages are used, each weigh- 
ing 4,500 lbs. and provided with safety clutches. 

These cages are simply rectangular platforms on to which the 
cars are run to be hoisted. They move in vertical guides, and 
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are provided with an arrangement for gripping these guides 
tightly in case the rope breaks. 

Over the mouth of the shaft is built a framing of wrought 
iron, which supports the large sheaves over which the hoisting 
ropes pass. These sheaves have cast-iron centres, wrought- 
iron arms, and cast-iron rims. 

The engine which does the hoisting at this shaft is the most 
powerful of its class in this country. It hoists the cage con- 
taining two cars from the bottom of the shaft, nearly 1,600 
feet, in one minute. The two cylinders are each 45 inches 
in diameter, with five feet stroke. The drums are of cast- 
iron, conical, and grooved. The large diameter is 20 feet 
8^ inches, and the small diameter 12 feet 9 inches. The vari- 
ation in diameter of the drum as the rope unwinds is intended 
to compensate for the increase of load on the engine, due to 
the weight of the hoisting rope. A guide-pulley is made to 
move along in front of the drum, so as to guide the rope into 
the groove and avoid chafing by winding at the considerable 
angle which the length of the drum renders necessary. 

The rope used is of wire, made from specially selected cruci- 
ble steel, and is IJ^ inch in diameter. 

A band brake, 12 inches wide and ^ inch thick, is applied at 
the juncture of the two drums. It is worked by the aid of a 
small steam cylinder. For a fuller description of this engine 
the reader is referred to '* Coal,'* December 6, 1882. 

The most common form of brake is a simple band of iron, 
sometimes lined with wood, which is drawn tightly around the 
periphery of a wheel. By means of compound levers the 
weight of a man is sufficient to apply them, and steam is not 
generally used except in the case of large engines. 

The Automatic Dump, spoken of in connection with the gun- 
boat, is shown on Plate II. A similar one is in^ use at the 
Gowen breaker. Its operation is as follows : The hand-lever 
is first moved into the position shown by the dotted lines. 
This lowers a stop-block, which holds back a car on the incom- 
ing track, which has a down grade toward the dump. As 
soon as the car starts, the lever is placed in its former position. 
The stop-block rises by means of a weight and checks the next 
car. The one set free runs down on to the dump, and by the 
weight of its load and its inertia, tips over into the dotted 
position. The coal slides out, and the change in weight and in 
the position of the centre of gravity of the load on the dump 
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and of the point of support, causes the dump to assume its 
former position, and the car runs off on a down grade. The 
dump is prevented from coming down before the coal is all out 
by the links shown below it, which form a stiff prop when it is 
tipped up. A cam is placed on the shaft of the hand-lever, so 
that by pushing the lever a little to the right, the middle joint 
of the links is thrown out of the line of centres, and the dump 
becomes horizontal again. The moving part of the dump is of 
cast-iron, and is so proportioned that its weight shall aid in 
restoring it to a horizontal position. The weight of the empty 
car alone is not sufficient to do this. 

Other simple forms of dumping arrangements are in use. 
In some cases the coal is simply allowed to slide out of the 
back end of the car and drop between the rails. Where skips 
are used they are generally self-dumping. 

After the coal is crushed, screened, washed,''and separated 
from the slate in the breaker, it }s run into ** pockets '* to await 
shipment. These are large bins in the breaker, which have 
shutes in the bottom through which the coal is run into the 
railroad cars. The small size coal-cars can carry about six 
tons, and the larger size carry from ten to twelve tons. Box 
cars are used to some extent for shipment to the West, the 
rates being low, as they would otherwise have to be sent back 
empty. 



IRON MINES OF NEW JERSEY. 

By students of the SUMMER SCHOOL. 

The iron ore deposits of New Jersey are all in the Lau- 
rentian rocks. 

This formation covers an area of seven hundred and 
seventy square miles, occupying a belt of country which 
stretches obliquely across the northwest part of the State from 
the New York line to the Delaware River. 

The principal rock of this formation is gneiss, which is 
characterized by the almost entire absence of mica. Crystal- 
line limestone is also found in extensive deposits. 

In the gneiss the principal constituents are feldspar and 
quartz, with usually enough hornblende present to affect the 
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color. Syenite is also abundant and runs into gneiss by both 
gradual and sudden transitions. 

The minerals of the formation are not very numerous, per- 
haps the most important being apatite, which is worked at 
Nolan's Point on Lake Hopatcong. 

Though deposited in horizontal layers, the rocks of this 
region are very much inclined and folded, and have a general 
northeast and southwest strike with a dip of o° to 90° to the 
southeast. The surface of the country is traversed by a series 
of short and parallel ridges running in a northeasterly direction. 

The geologists of New Jersey divide the Laurentian or iron 
bearing region into four parallel belts: I, the Ramapo, on 
the southeast; 2, Passaic; 3, Musconetcong ; and 4, Pequest, 
which is the most westerly belt of the four. The names are 
taken from that of some prominent mountain ridge of the belt. 

The mines are all north of an east and west line passing 
through New York Bay, and, with a few exceptions in the west- 
ern part of the State, the deposits are of magnetic ore. 

The Ramapo belt is comparatively unimportant, including 
a few mines in the northern part of Somerset, and in the east- 
ern portions of Morris and Passaic Counties. 

The Passaic belt runs from Hunterdon County, near the 
Delaware River, northeast to the New York State line, com- 
prising a large part of Hunterdon, Morris, and Passaic Counties. 

The Musconetcong and Pequest belts, still farther west, in- 
clude the mines of Sussex, Warren, and the rest of Morris and 
Passaic Counties. 

The mines are not uniformly distributed throughout the 
formation, but occur in ranges. In many cases they appear to 
be different openings on the same extensive ore bed. 

Three-fourths of the iron mines of the State are clustered 
around Dover, within a radius of five miles. Groups of 
smaller size occur at Oxford Furnace, Warren County, and 
Ogden, Sussex County, and other places. 

HISTORY. 

The iron ores of this region have been mined almost ever since 
English settlers came into the State. Governor Robert Morris 
owned iron works at Tinte Falls, Monmouth County, in 1685. 
The mines at Succasuny, Morris County, were worked in 1 7 10, 
and several other mines were opened prior to the Revolution. 
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During the Revolutionary war several of the mines, as the 
Andover of Sussex County, and the Oxford in Warren County, 
furnished the ore from which shot and shell were made for the 
American army. 

In 1790 the State produced 10,000 tons of ore; in 1855, 
100,000 ; and in 1880, 745,000 tons, placing New Jersey fourth 
in rank among iron producing States. 

In prospecting for beds of magnetite, two methods are em- 
ployed: I. A simple examination of the surface indications of 
loosened boulders and of outcrops, the ore beds almost in- 
variably coming to the surface. 2. By means of the magnetic 
needle. For general exploration the dipping needle or miner's 
compass is used, but for careful work the compass with hori- 
zontal needle and solid tripod is best, though it cannot be used 
with such rapidity as the former. 

DESCRIPTION OF DEPOSITS. 

The Ford Mine lies in the Musconetcong belt, and is situ- 
ated in the west central part of Jefferson township, Morris 
County. 

The mine includes two veins, the Ford and the Glendon, 
running parallel and separated by a horse of gneiss rock. The 
Ford vein lies to the west of the Glendon, and also underlies 
it, the former dipping 80° and the latter 70° toward the south- 
east. The strike of both veins is, in general, northeast and 
southwest, but at the point now being worked they cease to be 
parallel, the Ford inclining a few degrees more toward the 
east and running into the Glendon. The veins were worked 
separately up to July 10, 1882, but as the ''horse** grew 
thinner and gave indications of disappearing altogether, it was 
cut through, and now the two deposits are worked as one. 
The horse is wedge-shaped, the blunt edge being lowermost 
where, until it pinched out, it averaged 13 feet in thickness. 
The thickness of the horse at the surface is not more than 
4 feet. 

The thickness of ore in the Glendon vein averages 16 feet, 
and in the Ford 18^ feet 

Both the foot and hanging walls are so nearly vertical that 
comparatively little timbering is required, and the system of 
working is very simple. 

The country rock is wholly of gneiss, there being no other 
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foreign material whatever, with the exception of a small fissure 
filled with a pasty mixture. This fissure cuts both veins, and 
has an inclination of 32° to the horizontal, but does not affect 
the working of the deposit. 

The associated rock is so hard and solid that accidents from 
falls of loose rock are rare. The hanging- wall of the Glendon 
vein has a peculiar formation. While the dip is 70°, no part 
of the wall has exactly this inclination, but is cut out in steps, 
dropping vertically about fifteen feet, then running horizontally 
for three or four feet, and so on. This imparts to the vein an 
appearance resembling the "shoots and squeezes'* of the 
" Jugular" vein, which will be noticed under the Mount Hope 
mines. The ore is a magnetite containing fifty per cent, of iron, 
with some sulphur and phosphorus. The latter is in such 
quantities as to render it unfit for Bessemer iron. 

Mount Hope Mines, — These comprise four mines situated 
three miles north of Rockaway, Morris County, viz. : The 
Mount Hope proper, or Piatt, Tunnel, Spencer, and Hickory 
HUl, The first two only merit a description ; the Spencer is 
small and uninteresting, and the Hickory Hill is not now 
worked, having been flooded since 1873, when it was aban- 
doned on account of the panic. The Piatt and Tunnel mines 
were opened as long ago as the Revolutionary war, but have 
been steadily worked only for about twenty-one years. 

The mines have never been completely surveyed, and most 
of the exploration was in the shape of surface workings. Bor- 
ing and sinking trial-shafts was not resorted to, except to a very 
limited extent on the ** Jugular " vein. 

The Tunnel mine was regularly opened in 1840 by a tun- 
nel running northwest by west. It has been driven about 
850 feet, and has crossed five veins nearly at right angles. 
The strike of these veins is, as a rule, northeast and south- 
west. The dip varies from 66^ to 75°, and is toward the east 
in all the veins with a single exception — the Side Hill — which 
dips to the west. This peculiarity will be described presently. 

The rock at the entrance of the tunnel is described by 
Professor Cook as being a coarse-grained mixture of quartz 
and feldspar, the latter being much decomposed. In the vic- 
inity of the first vein, the rock is decomposed gneiss mixed 
with some limonite. The hanging-wall of the second, or 
Side Hill vein, 250 feet from the mouth of the tunnel is 
schistose in structure, composed of mica and feldspar. The 
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ore has here a laminated structure, containing fissures with 
polished surfaces resembling " slickensides." Still farther in, 
particles of magnetic iron are interspersed in the rock. At 
430 feet, the rock is a schistose mixture of green feldspar, 
quartz, and magnetic particles. This character is retained 
from this point to the "Jugular** vein. The third vein, or 
Teabo, is composed of hard, compact, and fine-grained ore, 
mixed with quartz. In some places it contains pyrite. The 
fourth vein is a small one not now worked. 

The last vein struck — called the Jugular from its great size — 
is the only one worked from the tunnel, the others being in- 
cluded in the Piatt mine. The Jugular is a heavy deposit, 
from 5 to 25 feet thick, and averaging 15 to 20 feet. It is 
composed of alternate ** squeezes " and ** shoots," which have a 
regular dip of 35° to the northeast. Horses are found when- 
ever the vein widens into a ** shoot." These ** horses" are 
often lenticular in shape, varying in the thickest parts from 2 
to 8 feet, and are of the same material as the country rock. 
In some places they are so near the foot-wall that it does not 
pay to remove them. At a point about 600 feet northeast 
from the tunnel, an important throw has been discovered by 
means of proving shafts. The whole series of veins has been 
thrown toward the east about 160 feet, being sufficient to 
cause the Jugular, which is the last vein of the series, to fall 
completely beyond the first or " Small vein." Another offset 
of 6 feet occurs in the Piatt mine. 

The Piatt mine is about 1,000 feet southwest of the Tunnel, 
and from it are worked two of the veins cut by the tunnel, 
viz., the Teabo and the Side Hill veins. In the latter, a slope 
has been driven about 900 feet. 

As the slope advanced, the vein was found to possess 
three peculiarities: i. Its strike is ii° nearer north and south 
than that of the Teabo, and hence they intersect. 2. It dips 
toward the west, instead of the east. 3. It does not pass 
through, but loses itself in the Teabo, and at their junction 
large masses of ore are found, exceeding the veins themselves 
in thickness, and in quality partaking of the characteristics of 
each, but mainly of the Side Hill, which is composed of finer- 
grained ore than the Teabo. After the junction, the Teabo 
continues its course with a regular dip, there being no further 
trace of the Side Hill. For this reason, the Teabo is called 
by the miners the ** Master Vein," although at the junction 
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it is not thick enough to be worked alone. Below, it is 1 8 to 
20 feet thick. 

It is worthy of notice that the ore bed is stratified, the 
strata being parallel, or conformable to the surrounding 
gneiss rock. Also, the foot-wall of the Side Hill vein is cov- 
ered with parallel markings, or striations on a large scale. 
These furrows extend continuously along the visible course of 
the foot-wall, and have a slight inclination toward the north- 
east 

Toward the southwestern end of the Side Hill workings the 
ore is crumbly granular (or ** shot ore**) to a considerable 
depth. It contains a large quantity of granules of apatite, and 
some limonite, which is thought to proceed from the oxidation 
of pyrites. Both the foot and hanging walls are hornblendic 
and schistose, with some mica. The hornblende is in large 
crystals, and, in the foot-wall, is accompanied by decomposed 
feldspar. Farther to the northeast, the ore contains green 
hornblende, with apatite. During the work on this vein, 
** horses*' have been found, consisting of compact masses of 
feldspathic crystals with a little hornblende. 

The Side Hill vein was originally worked by three shafts. 
The deepest of these was about 300 feet, and from it stopes 
were driven each way, /.^., northeast and southwest. Up 
to this time nothing had been done on the Teabo, with the 
exception of some unimportant surface workings, and the 
structure of the intersecting veins was imperfectly known. 
The southwest drift, after being driven about 300 feet, passed 
through some bad rock, and working was rendered exceed- 
ingly precarious. A large portion of the roof fell in, cutting 
off the workings in this direction, and, as a result, the present 
slope was started at the intersection of the two veins with the 
surface, and meeting the shaft about 280 feet below the sur- 
face. The first stope was started about 500 feet from the top 
of the slope, and was continued until the ** back -rock ** was 
reached. This is the miner's term for the under portion of the 
wedge of rock lying between the veins. The pitch or dip of 
the back-rock is about untoward the northeast, i.c,^ away 
from the intersection of the veins with the surface. When it 
was reached, a narrow gangway was driven forward on the 
right hand side (in the Side Hill vein) for about 80 feet, and 
another slope of 19° was driven, which struck the back-rock 
again at a distance of 100 feet. This proved the structure of 
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the deposit, and the original slope was continued, and run over 
200 feet more directly under the back-rock. Subsequent opera- 
tions have been of the simplest character, consisting of alternate 
sinking of the slope and sloping of the mass of ore at the junc- 
tion of the veins. The total depth of the lowest level from the 
surface is about 355 feet. The slope will be again deepened in 
a short time, as the heading is now nearing the back-rock. 

TAe Teabo Mine is about four miles north of Dover, Mor- 
ris County, the vein worked being a continuation of the one 
known as the Teabo, in the Mount Hope mines. But although 
it IS only a few miles from the latter mines, the character of 
the vein is very different ; it is worked under considerable dif- 
ficulties, and for some time has been unprofitable. Among 
the numerous disadvantages are : the narrowness of the vein ; 
numerous faults and offsets ; the entire disappearance of the 
ore for distances of 40 to 50 feet in a vertical direction ; and 
the treacherous condition of both hanging and foot- walls, neces- 
sitating close timbering and extra quarrying of two feet of 
rock on each side of the vein. The ore varies from 2 to 
8 feet in thickness. The hanging-wall at a depth of 200 
feet is a micaceous schist, sometimes containing magnetic iron 
in seams and bunches, together with some feldspar. The ore 
next to the hanging-wall is very hard, and contains a few gran- 
ules of apatite and considerable quartz. The one next the foot- 
wall is very similar in appearance, but contains mica. The 
foot-wall is like the hanging, but more schistose in structure. 
The ore is found in beds or layers which are conformable to. 
the gneiss in which they lie. The vein is not always separated 
from the gangue rock by well-defined division lines, as is the 
case with metallic ores in true veins, and sometimes by a gra- 
dually increasing mixture of rock, the ore-bed will run out 
within a very short distance, and the iron entirely disappear. 
There is no peculiar gangue rock, such as accompanies true 
veins ; the rock is the common one of the formation. In 
short, everything in structure, position, and associated min- 
erals, shows that the ore is in metamorphosed sedimentary 
beds. Disturbance, since its original deposition, has turned 
the bed on edge, and so far has given it the appearance of 
vein ore ; and on account of this resemblance the beds, ac- 
cording to common usage, are called veins. The intervening 
rock, which is sometimes met with in sinking a vertical shaft, 
is probably due to throws in a transverse direction. 
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The Forest of Dean iron mine, in Orange County, N. Y., 
is one of the same series as the preceding mines, and somewhat 
resembles in structure the Teabo and Side Hill veins of the 
Mount Hope mines. It is forty-five miles from New York City 
and eight miles from West Point, lying between Long Mountain 
and Mount Popolopon, in a valley 525 feet above the sea. 

In the middle of the last century rich magnetic ore was dis- 
covered in Orange County, and a number of mines, including 
the Ferris, as the Forest of Dean was then called, were 
opened. The ore was simelted in furnaces erected in the vi- 
cinity. After being worked for some time the Forest of Dean 
mine remained idle for a number of years, when it came undet 
the control of the Hudson Iron Works. It was then worked 
for sixteen years, but was never a profitable enterprise until, 
in 1865, the mine was bought by Edward Bech & Co. Since 
then it has been in successful operation, producing about 
3,000 tons per month, as compared with 700 tons that were 
taken out previously. The use of a plentiful supply of water 
and improved machinery has made the work very cheap. 

The mine belongs to the Laurentian formation, the deposit 
being a single chute or pod, having a synclinal basin. The dip is 
about 30° to the east, and the strike, north 40° east. The vein 
consists of two parts, partially separated by ahorse of rock. It 
is this that gives it its resemblance to the intersection of the 
veins described under the Mount Hope mine. Where the vein 
unites under the horse, the ore is 60 feet thick. The seat of 
the horse-rock is 50 feet above the bottom of the vein. The 
foot-wall vein runs 20 feet above the seat of the horse-rock, 
averages 12 feet in thickness, and has a pitch of about 45^. 
The hanging-wall vein runs 28 feet higher than that of the 
foot-wall, is 6 feet thick, and has a pitch of 75° to 80°. The 
associated rock is mainly orthoclose, and is the same on both 
sides of the vein. Quartz, mica, hornblende, apatite, and 
talc occur in smaller quantities. The talc forms thin seams in 
the rock, making very easy cleavage lines. The horse-rock, 
for a distance of 6 to 12 feet above the seat, is composed of 
one-eighth part of limestone, the rest being quartz, mica, and 
feldspar. The ore is generally fine-grained, and has a metallic 
lustre. An analysis, made in 1877 by Dr. Chandler, gives 
the following : Magnetic oxide of iron, 83.53 P^r cent.; man- 
ganese, 0.44 per cent.; phosphorus, i.oo per cent.; sulphur, 
16 per cent. 
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The vein itself is almost entirely free from fissures, the 
only place showing them being about 1,000 feet from the 
surface in a portion of the hanging-wall. Up to the present 
time only one fault has been found. This is an offset to the 
west of about six feet. A slope has followed the vein for a 
distance of 1,200 feet. For the first 125 feet the vein is from 
15 to 25 feet high; it then enlarges until the full size is 
reached, which is retained as far as the workings have been 
carried. 

Hibernia Mines, — The large deposit of ore at Hibernia, 
Morris County, early attracted attention, and claims were 
located by different persons upon the outcrop. These were 
intermittently worked until, in 1867, the Glendon Iron Com- 
pany leased several of the claims, and the first survey was made. 
The Andover and Bethlehem Companies also worked claims 
upon this deposit. 

The ore appears to be a true bedded deposit composed of 
several lenticular masses, very long and uniform, and overlap- 
ping at their extremities. This gives the appearance of a con- 
tinuous vein with slight throws toward the northeast. 

The width varies from 4 to 18 feet. Occasionally " horses " 
of very large size are met with. One on the Scott property 
was 20 feet wide and 200 feet long, and so divided the ore 
that it was found necessary to leave it and work on each side. 

In many of the stopes the foot-wall is weakened by the 
presence of "dig," a soft material composed chiefly of pro- 
chlorite, and which renders the ore so liable to slips that no 
pillars can be left. ** Black Jack,*' or Amphibole, is occasion- 
ally met with in large masses. 

The mines were formerly worked by shafts, but three years 
ago a tunnel was run in an abandoned level and a chartered 
company formed, called the Hibernia Underground Railroad 
Company, to transport the ore through it. The tunnel is 3,700 
feet long and passes through the property of the three com- 
panies, answering for drainage as well as transportation. 

The Hurd Mine, — This deposit was first worked in 1804, when 
the Union turnpike was built, the road running directly over 
the outcrop of the ore. The original proprietor was Joseph 
Hurd ; the heirs of his son have leased the property to the 
Glendon Iron Company, in consideration of a royalty of $1.00 
per ton, with the condition that not less than 20,000 tons a 
year shall be taken out. 
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The rocks of the vicinity are unmistakably metamorphic, 
and consist of gneiss and syenite, the two alternating rapidly. 
The gneiss dips at an angle of about 50° to the east southeast, 
and is traversed by a series of joints at right angles to the line 
of strike. This gneiss consists of feldspar and quartz, with a 
large proportion of short and stout crystals of hornblende. 
Grains and small masses of magnetite occur frequently dis- 
seminated throughout the rock. 

The rock walls of the mine vary but slightly, being composed 
of a tough greenish-gray rock giving on analysis, silica, 69.7 ; 
potash, 8.6; and soda, 2.9 per cent. This forms a moderately 
safe roof or wall, but is protected from the action of the atmos- 
phere by a thin layer of magnetite. 

The body of ore has a pitch of 20^ to 22°, and the folds of 
the rock, which are quite marked, conform to the pitch, the ore 
having been taken out entirely around such a fold. 

The ore is black, crystalline, and remarkably pure. The 
plane of division between the ore and rock is very marked and 
clean, though near the surface the ore and rock gradually 
merge into each other. 

The ore body is a simple pod or chute running down at an 
angle of 20** to 30*^, the height being from 50 to 60 feet, with 
a nearly uniform width of 40 feet. 

This is worked on end, and no idea of its length can be 
formed. The chute is at present worked out for 1,500 feet, 
and gives no sign of decreased yield. 

Dicker son Mine. — ^This working is three miles west of Dover, 
and is probably the oldest mine in the County, having been 
worked since 1713. According to Dr. Wurtz, the ore lies in 
an immense irregular-shaped cake or lenticular mass, being 
really composed of a large number of overlapping lenses, the 
general direction of which coincides with that of the dip and 
strike of the surrounding gneiss. 

These lenses thin out to acute edges, which are often split 
by horses of rock. 

A peculiar feature of the ore is its columnar structure, pro- 
duced by a jointed cleavage. 

The mine was formerly worked by three 'shafts, but the 
ore is now all hoisted up a slope. This slope consists of a 
series of inclined planes, following the bottom rock, and run- 
ning from the lowest working to the surface. 

The output is about 2,000 tons of clean ore per month. 
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The ore is worked by the underhand system of stoping 
levels being driven every 30 to 40 feet. 



Stoping. 

The underhand method of stoping is employed at most of 
the mines. At the Glendon a winze is sunk from the tunnel 
level 60 or 70 feet. At about fifteen feet from the top 
drifts are run in both directions, and the triangular block of 
ore between the drift and the winze is taken out. Having 
thus opened the stope, the drift is advanced, being usually 
kept 8 feet ahead of the stope. 

The drift is driven by a drill mounted on an upright 
column. In a drift 20 feet wide this column is fastened about 
six and one-half feet from the foot-wall, and four feet from the 
face of the drift The drill is then attached to the upright on 
the side nearest the wall, and ' a row of two or three holes 
drilled at an angle of 45°, and three feet from the foot-wall. 
The drill is then removed, and the holes charged and blasted 
out. The drill is now placed in position, and a second vertical 
row of holes drilled two feet from the former row, and more 
nearly horizontal. This is repeated with the drill on the other 
side of the standard, when the upright support is moved to 
the other side of the drift, about six feet from the hanging- 
wall, where the operation is repeated. 

The tripod support is used for the drill on the stope, the 
holes being drilled irregularly, and so as to blast out the ma- 
terial from the top, and working downward as the ore is re- 
moved. The iS-foot pillar is left under the tunnel to render the 
track secure, and to stop any rock which may become loose 
above, and would acquire momentum enough to crush through 
stalls. 

The law requires that a 2S-foot vertical pillar of ore shall be 
left between mines having different owners, to prevent the in- 
filtration of water in case working were suspended, and if this 
be pierced for ventilation, it must be bricked up if either mine 
be abandoned. 
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A NATIVE PROCESS OF SMELTING COPPER ORES 
IN THE STATE OF JALISCO, MEXICO/ 

By WALTER B. DEVEREUX, E.M., '78, 

GLOBE, ARIZONA. 

Metallic copper is a product of native metallurgy in va- 
rious parts of Mexico, and by somewhat varied processes. 
While recently examining copper mines in the State of Jalisco, 
I had an opportunity of witnessing Mexican copper smelting 
by a process which I have not seen described, and which is 
interesting from the fact that a fine quality of copper is pro- 
duced from sulphurous ores in three metallurgical operations, 
and apparently without excessive loss. The process was car- 
ried on in buildings which were part of a plant erected by an 
American more than twenty-five years ago for the purpose of 
smelting and working copper. After a few years this man 
met with accidental death, and the works have been but little 
used since. Located in the centre of a high range of moun- 
tains, far from any town or seaport, and inaccessible except 
over difficult mule trails, these substantial buildings, filled with 
furnaces and heavy machinery, are a strange sight to be met 
with in one of the least advanced of Mexican mining regions. 
Under the same roof with English reverberatory furnaces and 
calciners, the crude Mexican furnaces yield a few small cakes 
as a daily product. The ore comes from a large vein not far 
distant, and consists of a quartzose gangue, containing about 
5 per cent of metallic copper in the form of copper pyrites 
(chalcopyrite). This is pounded by hand until it will pass 
through a sieve of raw-hide with J^-inch holes. It is then sub- 
jected to a rude concentration in a trough through which water 
is flowing. The concentrated product yields, when smelted, 
about 30 per cent, of copper. It is first roasted in one of the 
old calciners in the works, although when necessary the Mexi- 
cans construct smaller furnaces, which answer the same pur- 
pose. After roasting, the ore is smelted in, or with, the fur- 
nace shown in the sketch, which constitutes the peculiar 

' A paper read at the Colorado meeting of the American Institute of Mining 
Engineers, August, 1882. 
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feature of the process This furnace consists essentially of a 
pair of air-channels or long tuyeres, constructed in the top of 
a mass of crude masonry, with a bellows at one end, and what 
answers to a crucible at the other. In detail, these stone 
channels are about 7 feet long, slightly conical, and sufficiently 
raised at the back to allow free motion for the bellows. The 
fire ends are terminated by clay nozzles about 18 inches in 
length, and 2 inches in diameter at the outlet. The ends of 
these nozzles come nearly to the edge of a circular basin, about 
18 inches in diameter and 3 inches in depth at the centre. This 
basin is simply a depression in the earthen floor lined with the 
ashes of the encina^ a species of oak. The ashes are rammed 
in moist, and then a smooth and true spherical surface is 
formed by a man stamping quickly around the basin with 




MEXICAN COPPER FURNACE. 



leather sandals on his feet. This basin is repaired, when neces- 
sary, in the same manner. 

For each tuyere there is a round bellows about 3 feet in 
diameter, which is attached directly against the stonework at 
the back. The construction is similar to that of an American 
round bellows. The back of the bellows is fastened to an up- 
right frame, which is hinged at the bottom, near the floor, and 
is provided with a cross-piece at the top for a handle. Each 
bellows is worked by a single man, who stands on a raised 
platform, and takes a single step backward and forward at 
each blast. The blasts are given nearly alternately, and the 
two currents are directed by the nozzles toward the centre of 
the basin. 

When smelting is to be commenced, a green pine pole, 
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about lO inches in diameter, is laid across the basin in front of 
the nozzles. The fire end of this is supported by a roller, so 
that it can be moved up easily. Pine charcoal is piled upon 
both sides of this over the basin, and plates of foul slag are laid 
across from the nozzles to the charcoal. By these contriv- 
ances a greater concentration of heat is obtained. When the fire 
is well lighted, ore is placed on that part of the charcoal out- 
side of the log, and coal and ore are afterward added suffi- 
ciently fast to maintain the compact character of the pile. By 
this means the blast is prevented from breaking through with 
force and blowing the ore away. The blast is quite powerful, 
and the flames are constantly tinged with green. The encina 
makes a stronger coal than pine, and better for shaft furnaces, 
but it snaps too much for this process. By the time the ore 
has worked down to the bottom of the log, it seems to have 
agglutinated, and the melting copper and slag commence to 
drop at once. The whole of the smelting seems to take 
place before it settles into the basin, as after that the surface is 
almost constantly covered with charcoal. The log seems to 
be an essential both for controlling the force of the blast and 
for supporting the charge so that it is acted upon gradually, 
but with increasing power. When the basin is nearly full of 
slag the blast is stopped, and the coal scraped away. The 
slag is then removed in plates as it cools, the only implement 
being a round pole, which is slipped under the edge, and then 
carefully lifted up with the cake balanced upon it. If the cake 
of copper is not large enough, smelting is resumed, and when 
sufficient copper has accumulated, the slag is removed as be- 
fore, the dust blown off with a bamboo tube, and the copper 
allowed to cool in the basin. 

It is said that 300 pounds of ore can be smelted with one 
furnace in four hours, but I think that a considerably longer 
time is required. The cakes are made of 40 to 50 pounds 
weight. 

The quartz gangue separated in concentration is used for 
flux. The slags are very basic, but are well fused, and seem 
to contain little metallic copper. 

It is interesting to note that, in the rude appliance de- 
scribed, we have all the principles involved in a shaft furnace ; 
the gradual supply of ore and fuel, which gradually pass 
through increasing degrees of heat to a zone of fusion ; the 
subsidence below into a receptacle, where the metal and slag 
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separate ; the bellows and tuyeres ; these are all the essentials. 
If in this furnace we simply remove the log, pile a few bricks 
around the basin, and cut an outlet at the bottom, we have at 
once a type which can, by simple amplification, develop into 
our most complete shaft furnace. 

The cakes of copper produced are soft, and seem quite pure. 
They are melted in a similar furnace once more, however, 
being treated precisely as the ore was treated, except that no 
slag is used. Scrap and refuse copper are added at the same 
time. There is no poling or stirring of the copper, the action 
of the heated charcoal being apparently all that is necessary to 
produce the proper pitch. This would indicate that oxide is 
formed during the melting down. No tests are made, in view 
of which the uniformity of the product seems remarkable. In 
honor of my visit a grimy old master smelter came down to 
superintend the finishing of a charge. Mufiled to his ears in 
his scrape^ he did not even uncover his hands to grasp the pole 
with which he pushed the coal from the surface of the copper. 
A glance seemed to satisfy him, and, nodding to his assistants, 
he turned to me, and said with a very tragical air, yo lo garan- 
tizo (I guarantee it). 

The cakes are made of the desired size, and allowed to cool 
in the basin until perfectly solid. Those intended for kettles 
are sold as they are, while those intended for sheets (about 125 
pounds weight) are rolled in the mill of the old works. They 
seem to roll without flaws or cracks, and to produce an excel- 
lent product for sugar-pans and stills. This rolling-mill is a 
curiosity. The mill first sent out soon broke, and the Ameri- 
can who inaugurated the enterprise recast the rolls and pinions 
of solid bronze of such strength that they are still efficient. He 
also constructed a set of Cornish rolls, every piece of which 
was of bronze. The consumption of charcoal in this process 
is, I was told, nearly twice the weight of ore. The cost of 
coal delivered is about six dollars a ton. 

In conclusion, it may be pertinent to state that Mexico can- 
not now furnish a market for copper produced in any quantity. 
Foreign capitalists contemplating copper smelting enterprises 
in Mexico, if wise, will base their calculations upon a foreign 
market for all their copper. 
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Metallurgy. 

The Martel blast furnace at St Ignace, Michigan, is in some re- 
spects a very interesting one. It is a hot-blast charcoal furnace, 53 
feet high by 10 feet 6 inches at the bosh. It makes an average of 40 
gross tons of pig iron a day. The charcoal is made in thirty brick 
kilns of 45 cords capacity each ; these are at a distance of from 12 to 
25 miles from the furnace, and the charcoal is brought to the stock- 
house in cars, but they are now preparing to make the charcoal in 
retorts at the furnace. 

The campaign from August 16, 1881, to the end of September, 
1882, included only 322^ days. The furnace is always stopped from 
II o'clock on Saturday night to 12 o'clock Sunday night; the other 
stoppages were either owing to lack of fuel or the necessity for re- 
pairs. No inconvenience whatever has been found to result from the 
Sunday rest, which has given entire satisfaction to the employers as 
well as to the men. 

The furnace uses two Whitwell stoves, 60 by 15 feet, and is sup- 
posed to be the only charcoal furnace using them. 

It has heretofore been supposed that only cold- or warm-blast iron 
could be used for the manufacture of car-wheels, but the result of the 
working of this furnace has proved that this is not so. The tempera- 
lure of the blast is from 1,400° to 1,500°, and the iron is used almost 
exclusively for the manufacture of car- wheels, the pig iron being fully 
equal to any made. 

The following is a sample of four tests : 

Tensile strength. Deflection. Temp, of Blast. 

1. Sample Soft, 2 30,000 14" 1,360* 

2. Sample Soft, 2 27,500 12** i»35o'* 

3. Sample Medium, 3 36,250 loi* J»3So** 

4. Sample Medium, 3 27,500 15* i»35o* , 

The ores used are Lake Superior, specular and magnetic, and yield 
on an average 58 per cent, of iron. The hard ores are crushed fine 
in a Blake's crusher, stored in bins, and are drawn out through a 
hopper common to four bins into the charging buggies. All the 
charges are made by weight. 

Of the 150 car-wheels made per day, the average of rejected ones 
is only two. The iron chills easily and deep, and is very strong in 
the gray part of the wheels. T. E. 

Water-jacketed furnaces are used in Arizona for the smelting of 
copper ores. These furnaces are water-jacketed to the top, and are a 
great improvement, as they can run from six to twelve months without 
repairs, and may be used a very long time without any serious dam- 
age. These furnaces are shipped from San Francisco ready to work, 
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and can be used at once without any masonry or bricks. They are 
used mostly for the oxides of copp>er of Arizona. The black copper 
produced averages from 90 to 98 per cent. The low grade oxides 
can be worked to advantage in this furnace, which is constructed to 
yield as high as thirty tons in twenty-four hours. T. E. 

Manufacture of Sulphuric Acid at Swansea, — In the year 1877 
the Vivians, of Swansea, condensed and made into sulphuric acid 38 
per cent of the sulphur contained in all of the ores treated. The 
amount of nitre used was 4^3 per cent, of the sulphuric acid made ; 
in 1880 it was 3.3 per cent. ; previous to 1877 it was 7 per cent. In 
1880, 47 per cent of the sulphur was condensed. (Engineering and 
Mining Journal, vol. xxxi., p. 231.) T. E. 

Slags. — At Swansea the slags are run into a lar^e conical mould, 
and when cold enough on the surface to bear their weight, they are 
tipped on the bank and the liquid contents run out. The time has 
been sufficient for the copper to settle at the bottom, so that the poor 
material runs off and leaves the rich slag at the bottom, which is al- 
most always worth treating. (Vivian on "Copper Smelting.") T. E. 

Treatment of Ores in Przbram in 1881. — The following details of 
the working of the ores in Przbram for 1881 has been kindly fur- 
nished by Mr. Moller, the furnace inspector : 

I meter centner=ioo killograms. 
From our own works, 1 19,532 met. ct. , with 32,024 ks. silver and 50,219 met. ct. lead. 
From foreign works, 1,346 met. ct., with 457 ks. silver and 454 met. ct. lead. 

Total 120,878 3**481 50*673, 

Of these there were crushed ; 

With one set of dry-stamp, with 12 iron stamps 3»375 ""^t. ct. 

With six crushing tools 61,000 met. ct. 

64,375 met. ct. 

Output of the stamp works in 24 hours, from 25 to 30 met. ct. 

Output of one crushing mill in 24 hours, from 52 to 60 met. ct. 

Necessary power for the stamp mill 6 horse power. 

Necessary power for one set of crushing tools 7 horse power. 

Cost of crushing in the year 1882, per 100 kilos, ore 28 kreuzers, 

ANALYSIS OF ORES WORKED IN THE YEAR 1881. 



Lead 44-78o 

Silver 0.288 

Copper 0.074 

Arsenic 0.420 

Antimony o. 790 

Tin 0.028 

Iron 7«50 

Manganese . . 0.810 

Zinc 7.370 

Lime 1.330 

Magnesia 0.580 

Alumina. 2.050 



Sulphide of lead 51.720 

Sulphide of silver o. 330 

Sulphide of copper ao90 

Sulphide of antimony i. too 

Sulphide of tin 0.030 

Sulphide of dnc i i.ooo 

Arsenical iron 0.630 

Sulphide of iron 3-990 

Carbonate of iron 10.490 

Carbonate of manganese i . 690 

Carbonate of lime 2. 380 

Carbonate of magnesia 1.220 



Silica 1.... 13.900 ] Alumina * 2.050 

Sulphur. 13.450 I SUica 13.900 

100.620 
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The ores are roasted in a reverberatory furnace, at the rate of 
T,ooo kilograms in ten hours. Every six hours i,ooo kilograms are 
drawn out. 

The desulphurization is carried to one per cent, of sulphur. 

The labor required is four men — 2 foremen, at 84 kreuzers for 12 
hours; 2 assistants, at 68 kreuzers. After the desulphurization, the 
workmen receive a premium for each man for a 12-hour shift, accord- 
ing to the percentage of sulphur remaining in the ore : 

Up to \ per cent 25 kreuzers 

From \ per cent, to i per cent 16 kreuzers 

From I per cent, to 2 per cent 8 kreuzers 

Over 2 per cent Nothing. 

In the year 1881, there were 9 reverberatory furnaces, which 
roasted 115,262 met. cts. of ore. This makes one furnace for 40 
met. cts. in 24 hours.- 

For the roasting of 100 met, cts. of ores, 3.8 met. cts. of coal or 
lignite are required. 

The cost of roasting 100 kilograms of ore is 72 kreuzers. 

ORE SMELTING IN THE YEAR 1 88 1. 

Smhltrd. MetcL Snver L«d 

per cent. per ceoL 

Ores 116,888.34 0.273 4^-4 

Lead matte from ore smelting. 31763.00 o. 115 13.0 

Furnace crasses from ore smelting 10,066.00 ao76 33.0 

Dust from ore smelting 439- 00 0.032 330 

Liquation cakes 1,161.80 o. 117 75.0 

Crucible abstricks from liquation 480.20 0.260 81.0 

Abstricks from pattisonnage 3,034.90 0.150 81.0 

Dust from pattisonnage 181.00 0.077 66.6 

Products from refining the silver lead 429.50 0.160 71.0 

Products from refining the pattisonnage lead. . 2,550.20 o.ooi 75.0 

Abstricks from the cupel furnace 6,754.60 0.256 77.0 

Litharge from the cupel furnace 19, 1 10.20 0.039 86.0 

Cupel furnace hearths 10,090.60 o. 1 16 69.0 

Pieces broken from cupel furnace hearth .... 1,055.80 o. no 31.0 

Dust from cupel furnace hearth 272.00 0.029 58.0 

Products from refining silver 54.00 1.600 42.0 

Hearth residues 254.10 76.0 

Rich lead slags from 1880. . . .... i5,ooaoo 0.003 1.5 

Rich lead slags from 1881 155,592.00 — 

Total 347,177.24 

Products. Mcl cts. 371:, J:^, 

per cent. [ter ceiiL 

Work lead 8i,76ai5 a442 98.6 

Lead matte 7,044.00 o.iio 12.0 

Furnace residues 10,403.00 0.076 33.0 

Dust from smelting the ore. 576.00 0.060 35.0 

Dust from roasting the ore 613.00 a 160 43.0 

Chafces. Met-ct. *""" ofoT'* ^^ 

Castiron 4,407.00 3.77 

Roasted pyrites 8,oiaoo 6.85 

Lime 5,908.00 5.05 

Limestone 7,163.00 6.13 

Carbonate of iron. 522.00 0.45 

Fmery slags I7»73900 15.18 

Total 43>749«> 3743 
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FUEL USED. 



Charcoal (i hi. = 13.5 kilosw) 65,600 hi. 56. 13 hL 

Coke 46,820 met. ct. 40.06 met. ct. 

FURNACES. 

3 Piltz furnaces with 5 tuyeres. 

I Piltz furnace ; with 7 tuyeres. 

I Piltz furnace. with S tuyeres. 

I Vogel furnace with 4 tuyeres. 

Normal charge for a Piltz furnace: 3 hi. charcoal, 150 kilos, coke, 14 met. ct. 
charge. In 24 hours 30 of these charges are made in each furnace. 

Normal charge in a Vogel's furnace : 100 kilos, coke, 3 met. ct. charge. In 
twenty-four hours sixty normal charges can be treated in a furnace. The pressure 
of the blast was 40 mm., and the cost of smelting 100 kilos, of ore was 1,675 kreuzers. 
Campaign in a Piltz furnace, six to eight weeks. Campaign in a Vogel furnace, 
four weeks. Lead slags are used where they contain 0.003 V^^ ^i^^* ^^ silver or 2 
per cent, of lead. In 1881 the mean yield of the lead slags was per 100 kilos, of 
slag, 0.0026 per cent, of silver and 1.7 per cent, of lead. 

LIQUATION OF WORK LEAD IN THE YEAR 1 88 1. 

Trkatbd. Met ct ^"^^ 

per cent 

Work lead from ore smelting 29, 141 0.379 

Work lead from refinery 2,628 0.064 

31*769 0.353 

Pkoduct. Metct ^J^!!I; nif^» 

per cent per cent 

Lead 29,792 0.364 — 

Dross ^ , 1*724 0.140 76 

Abstricks 422 0.275 ^' 

Work lead treated in 24 hours 130 met. ct. 

Coal for 100 met. ct. of work lead. 5.37 met. ct. 

Wood for 100 met. ct. of work lead 407 hi. 

Cost of refining 100 met. ct. of work lead 9.44 kreuzers. 

PATTISONNAGE IN 1881. 

Trbatkd. Met ct S^^* 

per cent 

Refined lead 26,252 0.370 

Intermediate lead 474 o. 156 

26,726 0.36s 

PHOOucr. Mcc 4?-., ^^, 

Rich lead 10,827 0.858 — 

Poor lead 12,926 0.0015 — 

Intermediate lead 642 o. 160 — 

Abstricks 2,426 0.132 80 

Flue dust 101 0.098 68 

Number of crystallizations in 24 hours Six 

Each apparatus works of refined lead in 24 hours 63.71 met. ct. 

Coal for 100 met. ct. of lead 19.26 met. ct. 

Charcoal for 100 met, ct. of lead , 207 kilos. 

Coal for steam 4. 88 met. ct. 

Cost of working 100 kilos, of work lead. 70.4 kreuzers. 
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The melting pans contain 70 met. ct. of stock ; the crystallization 
kettles contain 20 met. ct. of lead ; quantit}- of lead worked in a ket- 
tle, 180 to 200 met. ct. The melting pans are worn out in about thirty 
days. The weight of a pan is about 10 met. ct. Cost of each kettle, 120 
florins. The weight of each crystallization kettle is about 30 mt. ct. 
'I'he cost of each crystallization kettle is about 700 florins. A crystal- 
luation kettle lasts from §ix months to a year and a half. 

XgFmiNG PATTISONNAGB POOR LEAD IN A REVERBERATOR Y FURNACE ON A 

MARL HEARTH. 

Pittisonnage poor lead treated 12,684 ™ct- ct. with 0.0015 P^ ^txit, silver. 

Produced. Met cl ^^^. Hard lead. 

per cent. per cenL 

Soft lead 10,316 0.0017 — 

Other products 2,622 0.001 75 

The coal required to work 100 met. ct. of poor lead is 5.60 met. ct. 

Charcoal required to work 100 met. ct. of poor lead b 1. 15 hi. 

Marl required to work 100 met. ct. of poor lead is 2.34 hL 

Coal required for producing 100 met. ct. of soft lead from the refin- 
ing poor lead 5. 58 met. ct, 

Co^t of treating 100 kilos, of pattisonnage poor lead 27.6 kreuzers. 

CUPELLATION AND REFINING. 

Treated. Met ct. ^^IV 

per cent. 

Wurk lead from ore smelting 52,020.90 with 0.477 

Llquaicd work lead 1,514.20 " 0.412 

Ki^h lead from pattisonnage 10,827.20 " 0.858 

Blick stiver 2.30 ** 95.000 

Produced. Met. ct. 

Fine silver 306.46 

lilit k silver 0.92 

Absuick 5,284.60 

Black litharge (containing antimony) 6,835. '^ 

Yellow litharge > ^ y j 4 16,454.50 

Red litharge J ^ \ 12,994.50 

Ricb litharge 19,376.20 

Mearlh 10,040.60 

Pieces of hearth 1,049.80 

Dust... 369.00 

Hroducts of refining 54*oo 

Charge for small cupel furnace, 75 met. ct.; time of cupelling, 26 minutes. 
Charge for large cupel hearth, 225 met. ct.; the time is 72 minutes. 

Advantages of the large closed cupel furnaces over the small 
ontis : I, less coal used ; 2, less product of hearth and rich litharge, 
which must be worked over again ; 3, less loss of metal in conse- 
quence of the catching of the dust. 

The coal used for 100 met. ct. of work lead is cupellation .... 1,910 

The marl used for 100 met. ct. of work lead is 880 hL 

Cost for 100 kilos, of work lead 84 kreuzers. 

TREATMENT OF THE DARK LITHARGE CONTAINING ANTIMONY. 

Ctipellation furnace (in desilverization process). 
Charge^ — Black litharge, 6,721.80 met. ct. with 0.025 P**" cent, silver, 79 per cent, 
lead. 
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Product. 



Met. ct. 



BUver I^ead 

per cent. per cent, 

"Work lead 2,597 with 0.064 — 

Black litharge slags 3**^38 '* 59 

Hearths 254 " 76 

Black litharge produced in a campaign of 14 hours 42 met. ct. 

Quantity of coal used for treating 100 met. ct. black lithai'ge 23 met. ct. 

Charcoal used for the reduction of 100 met. ct. black litharge 15 hi. 

Cost of treating 100 kilos, black litharge 50 kreuzers. 



PRODUCTION OF ANTIMONIAL LEAD IN A VOGEL'S FURNACE 

SECTION). 



(RECTANGULAR 

4,599 ™**« Ct. 

2,592 met ct. 
1,139 hi. 

8,7»4 met. ct. 

6,833 met. ct. 

920 met. ct. 
4 fl. 97 kr. 

The loss of metals per xoo kilos, of silver in too met. ct. of lead in the ores in 
the year 1881 was 1.944 per cent, silver, 16.70 per cent. lead. 



Black litharge slag containing 62 per cent, lead charge. 

Antimonial lead produced 

Coal used for 100 met. ct. of litharge sdag 

Coke used for 100 met. ct. of litharge slag 

Iron finery slags 

Coal used for smelting too met. ct. of antimonial lead. 
Cost per 100 kilos, of antimonial lead 



ANALYSES OF THE MERCHANTABLE PRODUCTS. 



Soft lead first six months of 1883. 

Silver 0.0015 

Copper 0.0009 

Bismuth 0.0022 

Antimony 0.0016 

Iron o.ooio 

Zinc Trace. 

L.ead 99.9928 



loaoooo 



Antimonial lead. Salable litharge. 
Antimony 23. 120 1 Oxide of lead 98.470 



Arsenic 0*255 

Zinc 0.414 

Silver 0.012 

Copper 0.245 

Iron o.oii 

Nickel 
Lead. 



' Oxide of copper . . . 
Sesquioxide of iron. 



0.230 

0.007 

Oxide of antimony. . 0.040 

Lime a273 

Alumina ; 0.047 

0.009 \ Sulphuric acid 0.052 

75.934 Carbonic acid 0.634 

Silicic acid 0.172 



Oxide of silver 0.005 

99.930 



T. E. 

A Mexican process for the treatment of silver lead ores is used in 
the West, applicable when the ores contain much sulphur and are 
easily fusible. The process consists in liquating the ores in an adobe 
furnace ten to fifteen feet in length, with an inclined chimney. 
A cord of wood will liquate several tons of ore. These chimneys 
are surrounded with clay to retain the heat. When the fluxes are 
easily fusible the furnace is built as a square chimney ten feet high 
and eight to ten inches wide at the bottom, with a small inch hole at 
the bottom for the bellows, with a tap-hole on the opposite side. The 
charging hole is about ^y^ feet from the ground. A quart of ore and 
two quarts of charcoal are thrown in alternately until the furnace is 
full. The furnace is lighted and soon acts like a blow-pipe on a large 
scale. An iron bar to skim the slag from the metal is the only tool 
that is necessary. The metal is run. out into clay moulds. The fur- 
naces have a capacity of about five tons a day, and cost $30 for 
charcoal. A plant of this size can be constructed for about $300. 
(Burchard's **Prod. Gold and Silver," 1881.) T. E. 
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Shaft Furnaces vs, Reverberatory Furnaces for Copper Smelting. — 
The shaft furnace is slightly more economical than the reverberatory in 
fuel, and makes a much cleaner slag ; but the working of the furnace 
is much more difficult, and there is always a constant tendency to re- 
duce the iron, and form sows and bears in the bottom of the furnace, 
which makes the working difficult, and makes it necessary for the fur- 
naces, after a campaign more or less long, to be put out. This is 
truer to a greater extent as the furnaces are higher, owing to the re- 
duction of the iron by the carbonic oxide before the silica can com- 
bine with the oxide of iron. It has been proposed to prevent this 
by taking off the gases from so low a point in the furnace as to pre- 
vent this action. While these furnaces undoubtedly work better, 
they do not entirely prevent the formation of sows. 

Another impediment to the furnace is that it can only treat large- 
sized pieces in great quantities, as fine ore will settle to the bottom, 
and choke the furnace. Slags are used in large quantity to prevent 
this accumulation, even though the slag does not require remelt- 
ing. In some cases a thousand tons of slag are thus melted in the 
course of a year. When lead ore is melted in a shaft furnace, it is 
possible to agglomerate it so that it can be treated as an ore in the 
furnace, but copper ores require so high a temperature to agglomerate 
them that it would be more economical to treat them at once in the 
reverberatory furnace. One way of getting over this difficulty is to mix 
the fine ores in the piles in such a way that they will become agglomer- 
ated with the ore. The difficulty is, however, only partially remedied, 
as there is always an excess of fines in the piles, so that when fine 
copper ores come from mechanical preparation, they usually have to 
be agglomerated or mixed in very small quantities with the ore. The 
shaft furnaces use from 15 to 25 per cent, of coke for one ton of the 
ore. The reverberatory furnaces use 45 per cent, of coal but coke 
costs about 2\ times more than coal, so that the relative expense 
would be about 50 to 45. 

Where steam-power is used for the blast in the shaft furnace, un- 
less the waste gases are used in the generation of the steam, the 
amount of fuel is brought nearly up to that of the reverberatory furnace. 
The shaft furnaces produce clearer slag than the reverberatory, owing 
to the higher temperature at which it is melted, and the fact that as 
the slag is fluid, it remains a sufficiently long time to permit the metal 
to separate from it. There is certainly a difference of one-quarter per 
cent, in favor of the shaft furnace in this respect. As a general thing, 
the item of labor will be less about a reverberatory than a shaft fur- 
nace. The reverberatory furnace will generally produce a much richer 
regulus than a shaft furnace, for the reason that it is easy to oxidize 
in the reverberatory furnace, while the shaft furnace is a reducing one. 
Fully 13 per cent, of the sulphur contained is driven off from the rever- 
beratory furnace, while in the shaft furnace, though there is undoubt- 
edly some sulphur driven off, the amount will be small. In the shaft 
furnace, all the sulphates will be reduced, which will make a little 
more matte, but the shaft furnace mattes are always poorer than the 
reverberatory furnace ones, which necessarily adds to the expenses of 
the furnace. (Vivian on " Copper Smelting.**) T. E. 
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Surveying. 



Th€ Best System for Transit JVork,^ — The author advocates the 
adoption of the Full Circle system, because, in the other, which he 
calls the Quadrant system, four different directions from any one point 
may be designated by the same angle numerically, and the points of 
the compass must be resorted to in addition to sufficiently define one 
certain course, as, for example : N. 10° 30' E., S. 10° 30' E., etc 

The most essential difference between these systems lies in the man- 
ner of designating the bearings of lines involved in the survey. Any 
bearing is, according to the full circle system, definitely described by 
one angle, expressed in degrees and fractions thereof, and having re- 
ference to one certain course, generally the true or magnetic north. 

The subject may be divided into three parts: ist, the mstrument; 
2d, the field work ; and 3d, the office work. 

I. The Instrument, Any transit or theodolite may be used, pro- 
vided that its horizontal circle is divided and marked from right to 
left, from 0° to 360° ; further, that it has two verniers, placed dia- 
metrically opposite each other ; and, last, that it is provided witli a good 
niajnetic needle of fair size. All angles are counted from zero, and 
in most cases both verniers should be read, the a vernier (to the right 
of the line of sight) first, as this gives directly the deflection from the 
plane of reference, and the b reading next, which represents the di- 
rectly opposite direction, or is =a-|-i8o°. 

II. Field Work, In considering the field work, let us assume 
that we are about to run a transit line. A certain course must be 
adopted as the base, from which all horizontal angles are connected 
during the progress of the survey. The true or magnetic north is the 
most convenient. After the instrument has been properly placed 
over the first hub and levelled up, clamp the upper limb with the a 
vernier on zero, then turn the instnnnent, the lower limb being loose, 
until the telescope is directed in the course adopted as that of refer- 
ence, which in this case we assume to be the magnetic north, then 
the instrument is turned until the needle points exactly to zero; 
clamp the lower limb. The instrument is now properly set, the up- 
per limb may be loosened and sights taken in any direction, each 
reading between 0° and 360° being corrected from the adopted base. 
The first observation at every hub, after the instrument has been 
properly set, should be that to the next following one. When all work 
at this station is completed, move to the next hub, and clamp upper 
limb so that the b reading, as observed at station zero to this hub, 
becomes the a reading here, then turn the instrument to station zero 
and clamp the lower limb. Instrument now has same position, rela- 
tive to meridian as it had at the previous station. This should be 
tested at every hub before and after all sights have been recorded. 
Proceed in a similar manner from station to station, taking always for 
a reading when setting the instrument the b reading to this hub from 
the one previous. Thus the needle need not be read with minute care 
more than once, at the starting-point, and still every angle throughout 
the survey has reference to one and the same course, the magnetic 
meridian. In triangulation the full circle system is of still more 

* G. A. W. Siljencrantz : Jour. Assoc. Eng. Societies, April, 1882. 
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value, as, besides the advantages already recorded, the sur\'eyor has 
here many opportunities of easily testing the correctness of the work. 
3. The Ojffice Work. For accurate work the co-ordinates for the 
instrument stations, or any other points of particular importance, 
should always be calculated, for even the most carefully made pro- 
tractor will fail to give a i)erfect and reliable result, and the errors 
are, of course, apt to multiply as the map is increased in dimensions, 
or the stations in number. Here the "full circle system" again 
shows a remarkable advantage- over the ** quadrant system,' ' for when 
the adopted base of reference is taken as ordinate axis, all angles 
required for the calculation of the co-ordinates are directly obtained 
in the field. W. F. M. 

Notes on Co-ordinate Surveying.^ — The author favors the intro- 
duction of the rectangular co ordinate system for a careful survey, 
either to describe a parcel of land or to plot the same, inasmuch as it 
locates a point with reference to a series of points scattered over an 
indefinite area in such a manner as to enable a competent person to 
relocate any one point if but two other points in any p>art of the sys- 
tem can be found. The reference of all points to the international 
origin of co-ordinates, Greenwich, seems to be the one that is best 
adapted when practicable, although it may be advisable to take some 
one well-marked and prominent point of this kind for an origin, and 
the azimuth from this to a second as the base, and then refer all other 
points in the survey to this origin, either by means of a carefully 
checked traverse line or triangles, as local circumstances may de- 
mand. 

In surveying a section, i.e., triangulation, in order to constnict a 
complete map of the same, and to locate bounds, we need, first, a gen- 
eral knowledge of the territory with reference to locating points in 
such positions as to make well-conditioned triangles, /. ^., with no 
angle less than 30° ; and points want to be intervisible. Next we 
place intermediate points, whose positions should be carefully marked 
by means of a granite post, good oak, or a cedar hub, or drill-hole in 
ledge or boulder, and careful sketch made to show relative positions 
of local objects, with measures to distinguishing objects. For a sig- 
nal, good to use a two-inch square piece, with corners chamfered oft* 
to make eight sides, and if it be painted in black and white stripes 
and has a flag there will be no diflSculty in observing on the correct 
point when several points range near each other. Drive a nail into 
end of pole, having about one inch projecting ; place this in the drill- 
hole or boring in hub jn order to prevent the base of the pole from 
being knocked out of position, now drive three 3" x i' braces into the 
grounc? until firm and nail them to the pole when it is plumb. In 
measuring angles great accuracy is obtained by repetition ; generally 
most convenient to take six, as in this case the remainder, after di- 
viding any denomination, will be the left-hand figure in the next lower 
denomination. Having checked all the notes and reobserved where 
necessary, we are ready to compute the positions. 

First. — Having latitude, longitude, length of base and azimuth. 

Second. — Having latitude and longitude only to start with. 

» Wm. E. McClintock : Jour. Assoc. Eng. Societies, June, i88a. 
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When the sides exceed ten or twelve miles, the correction for 
spherical shape of the earth can be applied. 

The next work is to plot the points determined, with reference to 
the parallels and meridian. When the scale is large the convergence 
of meridians will be inappreciable and the length of middle squares 
can be used ; but if scale is small, -nriirTr ^^ smaller, then this correc- 
tion will have to be considered, and each square will have a different 
value. Lay off the parallels of latitude and meridians of longitude, 
and plot the points determined on the projections by squares, and we 
have a skeleton-sheet ready for work. The balance of the work can 
be done by transit or plane table, or the two instruments can be used. 
If only a perfect plan is required, and- the available funds limited, 
then the plane table is best. It is a good plan, in order to more 
securely mark a point, to place an easily distinguished and indestruct- 
ible substance from 3 to 6 feet below the surface, in addition to 
monument on the surface, so that the same shall not be disturbed, 
even if surface mark is lost. 

In surveying populous districts, on account of the large propor- 
tion of land covered by buildings, it will be found necessary to put 
in fewer main points, and connect them by traverse lines. In run- 
ning such a traverse, start at one of the main points determined by 
triangulation, and measure the angle between a second main point and 
the traverse line, in order to carry the azimuth through the line. 
Sight to a convenient point, and mark same ; drive nails on the line 
at convenient distances and measure to same. Good results with 100 
ft. Chesterman steel tape, which is standard at 32** F.; but must use 
a spring balance with a tension each time of about eight pounds, and 
by reducing to standard temperature. 

At each change in direction observe angle of deflection by taking 
six angles with the telescope direct, and six with it reversed, with the 
mean of these for the true angle. At the end of traverse at second 
main point, observe angle to connect traverse with the regular main 
points. If azimuth of two points, as worked through traverse, differs 
from that by direct determinations, correct each angle by its propor- 
tional share of diflference, and use the corrected angles for azimuth 
qi traverse lines. W. F. M. 

Accuracy of Measurement as Increased by Repetition,^ — Most in- 
struments in use for the measurement of angles are so graduated 
that the smallest reading that can be made with them is one min- 
ute. This permits errors much too large for careful surveying. This 
is avoided by repeating the measurements. 

Six repetitions are usually made of the angular measurements, 
but not by computing the mean of six independent readings. With 
the vernier at zero, the vertical hair of the telescope is carefully 
placed, so as to cover the left-hand point, with the instnmient 
clamped ; then loosening the vernier, the glass is turned toward the 
right, and is fastened so that the second point is covered by the 
hair. The reading being noted, the instrument is undamped and 
turned to the left and made fast so that the vertical hair again 
covers the starting-point Upon loosening the vernier and turning 

* Stephen S. Haight : Trans. Amcr. Soc. of Civil Engineers, July, 1882. 
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the glass so as to again cover the second point, the second raeas- 
urement has been made from the end of the first instead of afresh 
from zero, and if the vernier is read it will be found to be approx- 
imately twice that first noted. At close of sixth measurement, the 
reading being added to the number of complete circles that may 
have been turned, and the sum divided by six, the quotient may be 
accepted as the size of the angle. This, in good work, will always 
be within 20" of the first reading if a 20" instrument be used. 

Survey of Twenty-third and Twenty-fourth Wards of Nnu York 
CV/>'.*— The city of New York now extends in a northerly direction 
a little over six miles (32,068 feet 4 inches) from One Hundred 
and Fifty-fifth Street. Most of this was added to the city by act of 
the Legislature in 187 1. 

In the work of surveying and monumenting it the limit of error 
is 5" per angle, and -^^ of a foot for each 1,000 feet of measured 
traverse, as found by calculation; yet there is little diflSculty in 
keeping within this limit with a 20" transit and a chain adjustable 
for temperature. The accuracy of the angular measurements is ob- 
tained by repetition by method given elsewhere. 

A simple method of testing the accuracy of angular measurements 
is by adding together all of the interior angles of the polygon (the 
supplement being used of those measured exteriorly). 

Whatever the aggregate may differ from an exact multiple of 90° will 
be the error of the polygon, and the quotient arising from dividing this 
error by the number of angles measured will be the error per angle. 

The actual survey was carried on as follows : The line of the 
easterly side of Tenth Avenue was very carefully extended, and a 
point 18,568' 4" north from the southerly side of One Hundred and 
Fifty-fifth Street taken as an origin of co-ordinates. Northerly and 
southerly lines were drawn 1,000' apart, representing parallels with 
Tenth Avenue, and easterly and westerly lines 1,000' apart, represent- 
ing parallels at right angles with the Tenth Avenue parallels. The 
intersections of some of these lines were carefully monumented. 

This part of the city is in great part laid out with winding roads, 
having due regard to the contour of the surface, and thus avoiding ex- 
cessive cost of grading which would be entailed by the adoption of a 
rectangular system of streets. In the survey of existing roads and 
blocks traverse lines were run with repetition of angles as before men- 
tioned, and the co-ordinates of the stations calculated. From the 
data so obtained the lines of the roads were determined and monu- 
ments placed in the ground locating all tangent points. In the set- 
ting of these monuments occasions constantly arose where it was 
necessary to establish points at a prescribed distance and angle from 
some other point and line. The repetition of the measurement of the 
angle is here of great service. The desired angle being approxi- 
mately turned, a stake is firmly driven on the line at some point 
where its top will be visible from the transit, and at a distance found 
by pacing to be somewhat in excess of that prescribed. A pin or 
match being firmly placed in a vertical position on the top of the 
stake on the line as given from the transit, the angle is carefully meas- 
ured with six repetitions, as previously described. 

^ Stephen S. Haight : Trans. Amer. Soc. of Civil Engineers, July, 1882. 
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The difference between the prescribed angle and one-sixth of this 
last reading will be error, which may be corrected by moving the pin 
or match to left or right, a distance equal to the product of the 
sine of the error multiplied by the distance of the stake from the 
transit 

The sine of 60" being approximately -pf^^^nr* ^ simple and 
easily applied mode of correcting the error is to multiply half the 
number of seconds in the error, regarded as hundredths of a foot, 
by the number of feet that the stake is distant from the transit, 
expressed as thousandths. The product is the distance that the 
pin must be moved at right angles to the line to place it on 
the prescribed line. As error will seldom be as large as smallest read- 
ing that can be made with the instrument, and the line rarely more 
than two hundred feet in length, this mode is practically accurate. 
When distance is short, it can be obtained by pacing with sufficient ac- 
curacy for correcting the angle. It is safer to roughly measure the 
distance that may be in excess of that which was prescribed, which 
last will, of course, be measured with care ; and if the angular error 
exceeds 20" its true sine should he used as a factor in obtaining the 
correction in all cases where the distance is as great as 200 feet. This 
method has been in constant use in the Department of Public Parks 
of New York City for at least twelve years. This refinement of sur- 
veying is little better than farcical if the standard of measurement be 
not correct ; and every engineer should supply himself with one that 
is correct. 

The transit or theodolite must be correctly graduated, etc., and 
in windy weather the plumb-line must be shielded. 

In angular measurements always measure from left to right. An 
imperceptible movement of the instrument when turning the upper 
or inner plate, will sometimes be indicated by the readings. This 
may be remedied or balanced by turning the glass toward the left for 
some of the repetitions. When first reading is 90° or under, the glass 
should be turned once to the left for the six readings ; for 120'' once 
for four ; for 150°, as many times to the left as to the right. 

W. F. M. 

Railroad Location Surveys, — A paper on "Trunk Line Field 
Work," by Samuel McElroy, containing a copy of the instructions 
prepared for the guidance of the field parties, was published in the 
Journal of the Association of Engineering Societies^ for February, 
1882. The author says: **The following copy of general field party 
instructions has been prepared, as possibly being of some service to 
younger members of the profession in a class of literature common 
enough among old chiefs, but not usually contained in text-books." 
The instructions with the accompanying notes are reprinted in full for 
the benefit of readers of The Quarterly. 

Transit with level books nmst show daily journal as to time of 
survey; State, county, town, and section (d)\ weather; character of 
ground, rock, clay, gravel, loam, etc.; cultivation, woods, brush, etc.; 
swamps, creeks, rivers, and soundings (b) ; notes of extreme flood- 
levels and dates on streams, kind of navigation, exposure of bridges to 
ice, timber, fire, etc. {/) ; farm lines, roads, railways, canals, village or 
city streets, adjoining, structures or places, courses or lines crossed. 
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boundaries and owners; neighboring tie-timber, ballast^ quarries, 
mines, and other notes affecting facilities and cost of construction, 
right of way, or change of line. Transit notes to be kept from bot- 
tom to top of right-hand page ; right or left deflections plainly «listin- 
guished ; angles and courses noted together (<f) ; topography, lines, etc., 
sketched ; notes allotted to leveller distinctly defined. On tangents, 
the forward station to be a mean between the first reverse and a re- 
verse of the instnmient from the back sight (e). 

Level to be kept in adjustment, bubble-level on sights, stations 
equidistant where practicable, notes kept by height of instniment, 
check-book kept by rodman, benches carefully selected, located and 
sketched, guide benches found and used, level work kept well up to 
transit, and such soundings, locations, and other notes recorded as 
the assistant in charge directs (/). Daily field work to be checked, 
corrected, and inked up nightly, and maps and profile plotted up, hori- 
zontal scale 400 feet, vertical 30 feet per inch (or scale of profile pa- 
per) (^). ^ 

The theory of this location is to secure a direct trunk line, bal- 
ancing future cost of operation against that of construction, avoiding 
the tortuous lines of deep valleys and the summit elevations of 
hills, to secure nearly uniform levels. In rough ground the assistant 
in charge will therefore make flying triangulations and levels, and 
cross-section spur lines from his preliminary line, for guidance in 
location, on the route substantially indicated, and keep himself well 
informed as to the country ahead of his party (h). 

Parties to consist of assistant in charge, transitman, leveller, rod- 
man, back chainman, and such axemen and others as the local work 
may require and no more, with a paymaster to pay accounts as ap- 
proved by the assistant, and provide lodgings, meals, and transporta- 
tion. Assistants of rodman rank and upward to be paid by the 
month, below this by the day, except that time lost by voluntary 
neglect is to be deducted ; to provide their own instruments and 
drawing tools. Weekly reports to be made of work done, etc. 

NOTES. 

{d) A neglect of dates and locality in field books is entirely too common, and 
leads to confusion. It would be an advantage to have them practical daUy journals 
of the party, with matters of interest to the work fully noted. 

{b) The swamp and stream crossings may bear so material an influence on the 
location of a line that their character should be carefully noted as they are met. 

{€) The relative exposure of streams to freshets, and their consequences to cul- 
verts, bridges, approaches, and foundations, are also important features in construc- 
tion, and require careful study. 

[d) All angles on main line should be read from the vernier without trusting the 
needle ; but the courses given by the needle are valuable as checks on the readings. 

(^) In field work the apparently simple processes of measuring and of running 
straight lines correctly require a high degree of skill, carelessness in prolonging 
tangents should be avoided as much as possible. A transit should be kept in good 
adjustment. 

(/) One important secret in keeping a level in adjustment and in accurate work 
is delicate handling. Good to give the rodman a lx)ok to keep, especially where 
sound and hearing are impeded. 

(g) The importance of nightly working up field notes cannot he overestimated. 
Pencil notes are easily blurred ; notes trusted to memory are soon forgotten. The 
making a full and clean collation and copy of the original notes in duplicate is im- 
portant, as a field book lost cannot be replaced. 

(//) The value of a base line survey in preliminary study of a difficult country, 
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with spur lines at proper points, or cross- sections to cover alternate lines, and the 
economy and advantage of flying triangulations, cannot be overestimated. This 
furnishes the data for ** office" location. In valuable sections, where right of way 
is expensive, and it is not advisable to notify the owners on the line of its exact pro- 
posed location, the author has, on various occasions, made a base line survey, or 
road and farm survey, and an office location, so as to secure right of way before the 
stakes were put in. 

(/) Stations should be icx) feet apart, numbered i, 2, 3, etc. ; stakes 3cx> feet 
apart, left in plain sight, blazed and numbered with red chalk ; transit plugs driven 
flush with the ground, with a *' finder " beside them, and located from convenient 
objects where it can l>e done. Sections to be divided into about ten-mile lengths, 
or limited near this distance by a town or county line, stream, road, or other con- 
venient boundary. Station numbers confined to sections, and sections to States. 

The notes given above were pre])arecl for the engineers of the pro- 
posed trunk railway of the forty-first parallel. For about 450 conse- 
cutive miles this line, which for over 700 miles will not vary more 
than 10 miles from the forty-first parallel, is susceptible of location 
on groimd probably not lower than 750 feet above tide, or higher at 
any point than 1,700. It will bring Chicago within 800 miles of New 
York. W. F. M. 

Pulp-mill Waste as a Flux, — In a paper by F. L. Bartlett, in the 
Engineering and Mining Journal^ December 16, 1882, is a descrip- 
tion of the use of a waste product from pulp- and paper-mills as a flux 
for copper smelting. This waste consists essentially of carbonate of 
lime, mixed with a little soda, salt, carbon, and resin. The percent- 
age of soda varies from two to four per cent. The results of com- 
parative experiments with this flux and with lime are given. With 
Rockland lime, in the proportion of five per cent, of the charge, the 
slag contained from 0.5 to 0.9 per cent, copoer, and the amount of 
coke necessary was one ton to four of ore. Substituting pulp for 
lime, and using fvv^ to seven percent., the slag showed 0.006 to 0.017 
per cent, copper, and required one ton of coke to six and a half or 
seven tons of ore. The ore is a mixture of iron and copper pyrites 
and zinc blend, containing thirty per cent, silica. F. P. 

THE BASIC-BESSEMER PROCESS^'—li is said that only 
about one-tenth of all the iron ore of Europe and America is suffici- 
endy low in phosphorus (less than one-tenth per cent.) to be used in 
the manufacture of pig for the acid Bessemer process. In the basic 
process, however, phosphorus, within the Hmits of one and three per 
cent., is not only not detrimental, but is essential to the maintenance 
of the temperature of the bath. 

The results of the early basic experiments in England were hard, 
brittle, and irregular steels, because there had been a considerable 
reabsoq>tion of phosphorus from the slag and an incomplete dephos- 
phorization, and it was said that the process could only be applied to 
the production of metal for coarse work. A year later, Hoerde and 
Williams produced from pig, too phosphoric for puddling, a steel con- 
taining more iron and less impurity than any Cumberland or Swedish 
Bessemer ; and later, at Creusot, good hard steels have been made 
by the substitution of ferro-silicon for a portion of the spiegel. 

' Thos. W. Fitch : Journal of the Association of Engineering Societies. See also 
School of Mines Quarterly, May, 1881, page 216, report of lecture by Mr. 
Thomas, one of the inventors of the process. 
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The soft and medium grades of basic steel contain very much less 
])bosphoriis and silicon than any steels can have which are made by 
the acid process, either open-hearth or Bessemer. Phosphorus, in 
basic steel, ordinarily runs from .04 to .06. Silicon is always reduced 
to a trace, or a few thousandths. Sulphur is reduced about sixty ])er 
cent. The average composition of basic and acid rail steel at Creu- 
sot is as follows : 

Basic. Acid. 

Carbon 0.430 0400 

Silicon Trace. 0.300 

Manganese 0.760 0.660 

Phosphorus 0.060 0.075 

Sulphur 0.029 0.040 

This remarkable purity and mildness is likely to give the basic 
steel an enormous use for all structures requiring toughness. The 
harder grades have not been largely produced, but it is well ascer- 
tained that they may be, without risk of brittleness from phosphorus, 
by the addition of ferro-silicon before the spiegel. 

The success of the process must be now considered assured ; 
already there are manufactured in Europe 450,000 tons per year, and 
converters are in course of erection which can more than double this 
output. 

The basic process differs from the acid in the following par- 
ticulars : 

{cC) Use of a phosphoric pig. 

{b) Use of a basic lining of dolomite. 

\c) Addition of eighteen per cent, of lime to charge. 

(d) After-blow of 100 to 300 seconds. 

{e) Substitution of ferro-silicon for a portion of the spiegel. 

The Basic or Phosphoric Pig. — The following table gives the 
compositions of several kinds of pig, from each of which first-rate 
steel is made : 






Silicon 1.40 0.06 0.70 

Phosphorus... 3.00 0.96 2.30 

Sulphur 0.30 0.05 o 20 

Manganese . .2.25 0.36 i 50 

I I I I 



5 2 


Rhenish, 
Average. 


0.30 

1.75 
0.15 

I.OO 


It 

c > 

« 

1.40 
2.00 
0.14 
0.70 


Kolckow- 
Vaughan, 
Average. 


Best Mixture. 


I.OO 

1.60 

o.is 
2.00 


0.80 
2.00 

0.15 
1. 10 


I.OO 

1.75 
1.20 
0.40 


aso to a75 
2.00 10 3.00 
Under 0.15 

0.50 to I.OO 



Phosphorus should be over one ])er cent, in order to maintain the 
temperature of the bath. Higher phosphorus causes greater waste, 
but its combustion more completely cleanses the bath from other im- 
purities. Silicon must not be over one per cent., or it will impair the 
basicity of the slag. The percentage composition aimed at is P. 2 to 
3, Mn. 2 to 2.5, C. 2.5 to 3.5, S. less than -^f^-, Si. less than i. 

It is much easier for the ironmasters to manufacture basic pig 
than pig containing a guaranteed percentage of silicon, as required 
for the acid process. All that is necessary is to run the furnace hot. 
The cubical contents of a furnace for the production of one ton of 
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iron per twenty-four hours is only 88 to 106 cubic feet for the basic 
pig, against 141 cubic feet for ordinary Bessemer, so that 100 tons 
per day can be run from a much smaller furnace. 

The Dolomite Lining. — The practice seems to be growing in favor 
of rammed linings, though brick linings are still used. Neither ram- 
med nor brick linings stand more than 80 to 100 heats without need- 
ing such extensive repairs that the vessel must be cooled down. 
About 100 pounds of dolomite brick and rammed stuff are required, 
in the average practice, per ton of steel. 

The dolomite used should have 16 to 20 per cent, of magnesia, 4 
to 6 per cent, of silicon, and 3 to 5 per cent, of alumina and oxide of 
iron. 

Basic Bricks. — Raw dolomite is ground to pass a 10 to 15 mesh 
sieve, then wet with water and, without much pressure, molded into 
bricks. The bricks are dried for forty-eight hours, at a temperature of 
120** F. ; and are then burned in regenerative gas-kilns, in which the 
cooling bric||s heat the incoming air for the burning bricks. The 
heating and cooling are gradual, and last, in all, about a week ; an in- 
tense temperature is attained, and maintained uniformly during the 
burning. 

Basic bricks in burning shrink 30 to 40 per cent, of their original 
volume, a thick pile, in burning, would therefore, be so thrown to- 
gether as to destroy many of the bricks. On the other hand, a thin 
pile, burned by itself, would require an excessive amount of fuel. It 
is therefore customary to nearly fill the kiln with unburned acid 
bricks, and to lay upon these a thin stratum of basic bricks, with a 
separating layer of bauxite to prevent fluxing. 

Rammed Linings and Bottoms. — For these the dolomite should be 
burned at as high a temperature as possible^ to remove all carbonic 
acid and moisture, to increase the mechanical hardness and durability 
of the lining, and to promote economy by lessening the tar-absorbing 
ca])acity. It should at once be ground, and mixed in a mortar-mill 
with 10 to 13 per cent, of coal tar, from which the ammonia and 
moisture have been expelled by boiling. This mixture will stick 
pretty well to the sides and bottom, and as the volatile parts of the 
tar burn away, the dolomite grains will be left bound together with a 
perfectly neutral and refractory coke cement. 

Bottoms of the above dolomite and tar mixture should be burned 
at a low red heat, long enough to coke the tar; and, to prevent swel- 
ling and secure hard surfaces, should while burning be held on all sides 
in an iron .mold. Bottoms. for tuyeres should be molded around hol- 
low iron tuyeres for the same reason. 

Tuyeres. — Dolomite tuyeres, made of calcined dolomite and 5 ])er 
cent, of tar, formed in a split mold, and burned with the bottom, give 
better results than the ordinary acid tuyeres. 

Ball-stuff. — A mixture of calcined dolomite with 20 per cent, of 
tar, thrown as ball-stuff, or plastered as mortar into joints, becomes 
semifluid if the lining is hot, and runs at once into the smallest crack, 
where the tar quickly cokes, leaving the dolomite well cemented. 
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The Basic Additions, — Before the metal is run into the converter 
from the blast or cupola furnace in which it has been melted, from 15 
to i22 per cent., or an average of 18 per cent, of common well -burnt 
lime is thrown in. If a large output is desired, the lime must be pre- 
heated. An economical and expeditious method is to heat it to a 
bright yellow in a cupola, and run it into the converter by gravity. 
The metal is then introduced, and the charge blown in the ordi- 
nary way, until the disappearance of the carbon, as indicated by the 
drop of the flame. 

The After-Blow, — The dephosphorizing process requires, however, 
to be continued for a further 100 to 300 seconds, until the appear- 
ance of k brown flame with a white tinge shows that all'the phosphorus 
has been removed. During this after-blow no iron is oxidized, the 
phosphorus burns and unites with the lime, the last traces of silicon 
are removed, and also, at least 60 per cent, of the sulphur. A test is 
made by a sample being flattened, quenched, and broken ; from the 
fracture the time needed for the after-blow is determined, and no test 
is made on subsequent charges, of the same composition. 

The Use of FerrO'Silicon, — Spiegel is now used in^ess quantity 
in the basic than in the acid process. An addition of spiegel enough 
to theoretically restore the necessary amount of carbon, restores too 
much phosphorus ; for the carbon in the Spiegel combines with the 
oxygen of the oxide of iron in the bath, making carbonic oxide, and 
this reduces the phosphorus in the slag, restoring it to the steel ; and 
all the manganese in the spiegel also goes into the steel. The release 
of phosphorus from the slag is prevented, at Bolckow, Vaughan & 
Co.*s, by using ferro-silicon before spiegel. Eight per cent, of a pig 
containing 2 per cent, of silicon is added after blowing. This puts in 
the bath .16 per cent, of silicon, which is all used in absorbing the 
oxygen of the oxide of iron. The slag is then poured to still further 
prevent the restoration of the phosphorus to the bath, the spiegel is 
added, and there being no oxide of iron in the bath, no carbonic acid 
is formed, no phosphorus reduced, but both carbon and manganese 
remain in the steel. 

The cost of basic steel in any region may be safely estimated on 
the following quantities : Waste, 15 to 16 per cent, on the pig ; lime 
additions, charged red hot, 18 to 20 per cent, on the pig ; lining ma- 
terial, 100 pounds per ton of steel ; extra labor, say 5 cents per ton 
of steel ; spiegel, 5 per cent, of 12 to 15 per cent. Mn. ; high silicon 
Bessemer pig, 5 per cent. The item of greatest importance, of course, 
is the comparative cheapness of phosphoric pig. If the plant has been 
specially designed for the basic process, with easy removal of the vol- 
uminous slag, and facilities for continuous casting, the output need be 
little if any less than that of a similar acid Bessemer plant. 

A. J. M. 

Engineering. 

The Lancashire Plateway,^ — An attempt is being made in Eng- 
land to organize a company for the purpose of transporting goods 
from various portions of Lancashire to Liverpool more economically 

^ Colliery Guardian, London, November 24, 1882. 
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than IS at present done by the railroads. Liverpool merchants have 
taken the lead in this matter, claiming that the freights charged by 
the railroads are exorbitant — partly from their connection with the 
main lines and partly owing to what are called terminal charges. To 
obviate these difficulties it is proposed to build what the prospectus 
calls " an improved high road, adapted to steam traction." The road 
itself is to consist of two parallel plates about five inches deep. On 
the outer side a flange will prevent the wagons from leaving the track. 
The wheels are flat and are expected to run with ease over these 
plates. The whole is to be laid on a prepared highway. The grades 
in Lancashire being small the accuracy of a railroad road-bed is not 
necessary. The wagons are to be of the ordinary type used in this 
district for transporting goods. The general working of the arrange- 
ment is to be as follows : 

The wagon is taken to the docks at Liverpool and loaded with 
cotton, for instance, directly from the steamer. A horse is then at- 
tached and it is taken to the nearest station of the plateway, where 
it is connected to other wagons, going in the same direction. A train 
is thus formed, a traction engine attached, and the wagons taken to 
their destination. Here they are disconnected and, by means of 
horses, taken to the various mills. It is evident that a bale of cotton, 
instead of being transhipped a number of times in its transit from 
the steamer to the mill, is only loaded and unloaded once. Similarly 
will the transportation of finished goods, agricultural products, etc., 
be simpHfied. 

Another economy will be derived from the fact that the stations 
of the company will be in the outskirts of the towns, where a stud of 
horses will immediately distribute the wagons to their destination, 
without loss of time and cumulative charges. The switching of cars, 
and long delays in forming trains, incidental to railroads, will also be 
obviated. It is estimated that the road will cost about $175,000 a 
mile, and it is proposed to lay 133^ miles at present. As the speed 
of travel will be small, the wear and tear will be much less than on a 
railway. As is well known, the traffic of Liverpool and adjacent towns 
is very large, amounting to 35,000 tons a day, and as the project has 
been taken in hand by the most prominent mercantile houses of that 
city it has promise of financial success. 

The preliminary surveys have been made, a bill drawn for intro- 
duction in Parliament, and a guaranty fund subscribed. Mr. Alfred 
Holt, a civil engineer and shipowner of Liverpool, is the originator 
of this project, upon which he has been working during the past two 
years. K. N. 

Uniformity in Railroad Rolling Stocks — In a paper before the 
American Society of Civil Engineers, O. Chanute, C.E., describes the 
experiments and attempts made by the Erie Railroad to introduce 
uniformity in the various parts of their rolling stock. The master 
mechanics and master car-builders of this country have been discuss- 
ing this matter for some time, but as yet there is but little uniformity 
in locomotives and cars, each machine-shop or car- works having their 
own designs and rarely producing interchangeable parts that will fit 
the same design. On the Erie Road it was found that in order to 

' Trans. Amer. Soc. of Civil Engineers, September, 1882. 
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reduce the eighty-three different types of locomotives to one standard 
design, the most economical method was to adopt the " Consolida- 
tion " type, and endeavor to construct the various parts so accurately 
that each piece would fit on all the engines. In other words, to in- 
troduce the principle of interchangeability to the locomotive. It was 
found, however, that with the greatest care, it was impossible to eflfect 
this, owing to ** personal equation " of the workmen. The bolt-holes 
would not meet, and even separate parts, though conforming and 
interchangeable, would not make good fits, without filing or chipping. 
The method now adopted, and which has been successful, is to furnish 
each contracting machine-shop with templates, taken from an 
original set, reserved at the office, and which were prepared with great 
care from the original drawings. Considerable trouble is created by 
nuts shaking loose on rolling stock, due to the fact that makers in- 
variably cut the nut slightly over size. A series of attempts to exactly 
standardize the sizes on the Erie Road, resulted in the discovery of 
the causes which produce various sizes from standard taps and dies 
in their shops, and the defects of the latter. Several grip-bolts are 
also described, which aim at a perfect fit without great accuracy in 
size by upsetting the metal in the screw threads. K. N. 

Cable Roads, — Of all the devices thus far suggested or employed 
as a substitute for animal power on street railroads, tli£ cable system 
is probably the most successful. In San Francisco the Hill Road is 
operated by a stationary engine with a cylinder 14x28 inches, and a 
steel rope eleven thousand feet long. The rope is endless, and motion 
is communicated to it by an eight loot grip-pulley which grips and re- 
leases the rope automatically by means of jaws operated by the 
pressure of the rope itself. Jt passes through cast-iron tubes, laid 
between the rails, and is supported at intervals of thirty-nine feet by 
eleven-inch sheaves. Along the upper side of the tube is a slot or 
opening, seven-eighths of an inch wide, extending the whole length of 
the tube. Through this opening the gripping attachment, fixed to the 
car, passes down to the rope in the tube. The gripping attach- 
ment consists of an arm which projects downward from the bottom 
of the car carrying two pieces of soft iron, shaped to the circum- 
ference of the rope, which can be pressed tightly together by a 
wedge. The wedge is moved by an arm which passes up into the 
car, and is raised or lowered by means of a screw-thread and hand- 
wheel. In front and behind the iron gripping-blocks are two pairs of 
guide sheaves, which guide the rope between the blocks so that when 
the car is not moving the rope will not touch either of them. The car 
starts with an easy motion, the rope slipping at first until the inertia 
of the load is overcome. The gripping-blocks are very soft, so that 
they will wear out instead of the rope, and are renewed from time to 
time. A dumn)y or traction car, provided with gripping attachments 
and brakes, is used to draw the ordinary street cars formerly used 
with horses. Both together can carry as many as seventy passengers. 

Besides the ordinary car-brakes, there is an arrangement by which 
a block of wood can be forced down upon the rail immediately un- 
der the car, so as to act as a brake in stopping the car. Iron drags 
are also used which will stick into the ground and stop a car if it 
starts to run back down hill in case of accident. The steep grades 
render these additional precautions very necessary. 
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Similar cable roads are in operation in Chicago, and are said to 
have a carrying capacity of ten thousand passengers per hour. The 
streets there are nearly level, so that the problem is a much easier 
one than in San Francisco. The tunnels which take the place of the 
tubes before used are made of concrete or brick, and are from three 
feet four inches to three feet seven inches deep, having a grade to 
secure drainage. Catch-basins for water are located every three 
hundred feet, and connected with the sewers. 

The cable is supported at a depth of twenty-one inches below the 
street level on eighteen-inch sheaves. The gripping attachment lifts 
it eight inches higher. Wooden gripping-blocks are used here instead 
of iron. 

Conical pulleys are used on curves, so as to hold the cable on as 
direct a line with the gripper as possible. They are placed eight feet 
apart on a curve of forty to sixty feet radius. An angle-iron bolted 
at one side of the opening at the top of the tunnel serves as a guide 
for the gripper in passing curves. 

At the end of the route the cars make a circuit of several blocks, 
so that any special device for switching from one track to another is 
avoided. The circuit or belt line is worked by an auxiliary cable pro- 
pelled by the end sheave round which the main cable passes. This 
sheave is twelve feet in diameter, and is coupled to a sheave six feet 
in diameter, round which the auxiHary cable passes travelling at half 
the speed of the other. A tension-wheel and weight are used to 
keep the latter taut. 

The most expensive part of the construction is the road-bed and 
tunnel, a mile of double track costing about a hundred thousand dol- 
lars. The large tunnels are necessitated by the severity of the winter, 
and the difficulty of securing proper drainage. Notwithstanding this 
cost, a saving of thirty to fifty per cent, is estimated on roads requir- 
ing formerly two to three hundred horses. 

For more details of construction of these roads, the reader is re- 
ferred to The Scientific American Supplement for October, 1881, The 
Journal of the Association of Engineering Societies ^ October, 1882, 
and The Mining and Scientific Press, October, 1881. F. P. 

Steam Heating, — In a paper by C. A. Smith, published in The 
Journal of the Association of Engineering Societies for September, 
1882, the results of some experiments are given, showing that in the 
formula q={pziy{v. Rankine's "Steam Engine," p. 260) the value 
oi a varies from 29 to 100, the difference being attributed entirely to 
differences of circulation of the air by which condensation was effected 
about the steam pipes. The higher value is recommended as the safer 
in practice. For the transfer of heat from steam to air the author gives 
the formula, based on experiment \ q z=. a (T*— T) in which a = 2.6. 

Foi the loss of heat by transmission through the external walls of 
a building, ^ = r (T*— T), in which c varies from 0.67 to 1.25, the latter 
value being due to high winds, q is the number of heat units per 
hour per square foot of surface. 

Some estimates on the comi)arative cost of heating by the use of 
steam from a separate boiler, by the exhaust of a non-condens- 
ing engine, and by the exhaust of a condensmg engine show that the 
second method is more economical than the first, and that the third is 
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not practicable except with the very best condensing engines using 
superheated steam. The condenser is not used when the exhaust is 
required for heating, so that a condensing engine becomes non-con- 
densing for the time being. The use of the exhaust depends, of 
course, on the capacity of the engine and boiler for the increased work 
necessary under the new conditions. 

The following figures show the practice of the Dubuque Steam 
Supply Company, at Dubuque, Iowa. With heaters in the basement, 
/.^., by indirect heating, the number of cubic feet of space for each 
square foot of heating surface is for dwellings, 40, stores, retail, 80, 
wholesale 100, banks and offices 60, large hotels 100, churches, 150. 
Where the heaters are placed in the rooms the space allowed for each 
square foot of heating surface is from 25 to 30 per cent, greater. 

It is seen that the indirect method requires a little more heating 
surface than the direct method, but the labor and expense of fitting 
are much less by the former than by the latter. 

About $60,000,000 is now invested in steam-heating apparatus 
outside of New York City. The lengths of pipe employed in diflfer- 
ent places are: Lockport, N. Y., 3 miles; Dubuque, Iowa, 16,500 
feet; Auburn, N. Y., i mile; Detroit, iMich., 12,000 feet; Milwau- 
kee, Wis., 22,500 feet. F. P. 

Percolation of Water through Sand,^ — A paper read before the 
Boston Society of Civil Engineers, by A. Fteley, gives the results of 
a series of experiments on the percolation of water through sand, 
which were undertaken in order to determine the thickness of sand 
necessary to reduce the velocity of the subterranean current under a 
dam, that the sandy particles would not be displaced. 

The experiments were made upon a gritty uniform sand, the size 
of a pin-head, which was rammed in a three-inch uncoated iron pipe. 
This pipe was stopped at the bottom with a perforated cap, on which 
rested a layer of gravel one and a half inches thick. 

With 7 inches of sand and a head of 20 feet water the percola- 
tion at the close of an hour and a quarter was 881 gallons per square 
foot per 24 hours. With 31 feet head, 870 gallons at the end of an 
hour more. The head was then reduced to 20 feet, and the percola- 
tion in 24 minutes varied from 385 to 352 gallons. 

The thickness of sand was then increased to 24 inches, when 
under varying heads the rate of percolation varied from 3,000 to 1,200 
gallons for the first 15 hours, and then slowly decreased during the 
next 15 to 320 gallons, being nearly constant for the last ii\Q hours. 

With 3 feet of sand the percolation ran down to 26 gallons on the 
ninth day. The sand-pipe was then rapped three or four times with 
a billet of wood, and the rate ran up to 1,540 gallons. This result 
shows the dangers of pile driving or other disturbances in the vicinity 
of sand-banks holding water. 

In sand-beds constructed for artificial filtration the surface must 
be frequently cleared, and this disturbance will vary the rate of per- 
colation greatly. If left too long without cleaning the sand becomes 
irregularly compacted, and the water opens for itself some isolated 
channel. 

^ Jour. Assoc. Eng. Societies, vol. i., No. i, page 8. 
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If the water contains algre, the surfaces of the filter beds must be 
very much larger than ordinarily required, with frequent clearings, as it 
collects and effectually stops up the insterstices between the grains 
of sand. W. H. W. 

[A paper on the same subject was published in 1874 in the 
Rn*ue UniverselU des Mines^ vol. xxxv., p. 482, by Paul Hav- 
rez, giving the results of a much more elaborate investigation. M. 
Havrez established the formula D=AH-t-T, in which Z> is the dis- 
charge in cubic metres of water per 24 hours per square metre of fil- 
ter ; ZTis the height of the column of water measured from the bot- 
tom of the filter bed; T'is the thickness of the sand of the filter-bed ; 
and « is a constant varying with the material ; for sand, ^1=2. Some 
experiments made by the writer in 1878 confirm substantially the 
law deduced by Havrez, and explain as well some of the irregular 
results obtained by Mr. Fteley. It was found that great care was 
required in packing the sand to secure uniform results, and that any 
disturbance of conditions, increasing the height of water, etc., tended 
to increase the flow of water. After every such disturbance, at least 
24 hours was required before the flow again became normal. 

H. S. M.] 

Explosion of Flour- Dust at the Camp Spring Mill in St. Louis.^ — 
It is well known that fine dust, flour, or other dry carbonaceous 
matter when in suspension in air will burn very rapidly, and when 
ihe air is confined an increase of temperature produces an increase 
of pressure, and an explosion follows. 

In his report on an explosion at a Scotch flour mill. Prof. Rankine 
recommends the construction of dust chambers of such light material 
that explosion shall do little damage. 

At the Camp Spring Mill in St. Louis, the porcelain covering of 
one of the rolls was broken. A piece falling between the rolls ignited 
the finely divided material, which was drawn by the fan and thrown 
into the dust-room, and an explosion followed. As the dust-room 
was constructed of very light material, comparatively little damage 
was done. W. H. W. 

» Proc. Eng. Club, St. Louis, November, 1881. 
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The new School of Mines building is progressing, and it is ex- 
pected to be ready for occupancy by next June. The collections will 
be moved during the summer, and everything probably complete by 
the beginning of October. 

The new building will be of the same length as the old one torn 
down, but twelve feet wider ; the plans show the general arrangement 
of the floors, which may be further subdivided by the Professors to 
suit their convenience, although such modification will probably be 
only in the private rooms. 

The lavatories, cloak- and store-rooms will take up the basement, 
and will be similar in style and fitting to those in Hamilton Hall. 
Whether a lunch-room will be provided or not is a question still unde- 
cided. The present Assay Laboratory will be extended through the 
basement to Fourth Avenue. 

The first floor will be given to the Chemical Department under 
Prof. Chandler. The north end will be used as a private laboratory, 
and the rest of the floor as a museum, in which the valuable Applied 
Chemistry collection will be placed. 

The second floor will be devoted to the use of the Metallurgical 
and M ineralogical Departments. The northern end will be used as a 
blow- pipe laboratory, and the remainder of the floor as a museum. 

The third floor is to be occupied by the Engineering Department. 
Prof. Hutton will have the lecture-room at the south end of the floor, 
and he and Mr. Greenleaf will have private rooms partitioned off" at 
the north end. The rest of the floor will be used as a drawing-room for 
the third and fourth year engineers. Lavatories will also be fitted up 
on this floor. 

The fourth story will be devoted to two departments — Natural 
History and Architecture. The northern end will contain the herba- 
rium and botanical collection, and the remainder of the floor and the lec- 
ture-room will be given to Prof. Ware. The herbarium is the exceed- 
ingly valuable one at present in charge of Mr. Leroy, in the old asylum 
building. It has recently been catalogued and arranged in cases, and 
is now in perfect order. The collection will probably be under the 
charge of Dr. Britton. 

The fifth floor will be given to Prof. Newberry, and the entire 
space will be most probably used as a museum. The geological col- 
lection is very large, and even with this additional space will not be 
fully displayed. This floor will be lighted by skylights, so that the 
specimens can be seen to advantage. 

The building will contain a passenger elevator for the use of the 
professors, but not of the students. The general style of interior fin- 
ish will correspond to that of the " Arts " building, Hamilton Hall, 
and the structure will be constructed as nearly fire-proof as possible. 
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Prof. Egleston delivered a public lecture before the Chemical 
Society on PViday evening, December 8th, subject, "Precious 
Gems." After the lecture the laboratories were illuminated and 
opened, so that the many lady visitors had an opportunity to see the 
building. 

The seventy-sixth regular meeting of the School of Mines Cherar 
ical Society was held on Thursday, December 21, 1882. 

Several names were proposed for membership, and a paper was 
read by W. H. Weed on the "Manufacture of Celluloid." Speci- 
mens of the substance in different stages of manufacture were ex- 
hibited. The subject was then discussed by the members, after 
which, on motion, the society adjourned. 

The seventy-seventh regular meeting was held on Thursday, Janu- 
ary 18, 1883. 

Several new members were elected, and a vote of thanks was 
passed to Prof Egleston for his lecture before the Society, and the 
Secretary instructed to write and forward the same. 

C. F. McKenna read a very able paper on " Mercury Intensifica- 
tion for Photographic Negatives," embodying some of his experiments 
on that subject. 

The Lecture Committee reported the engagement of Arthur H. 
Elliott, Ph.B., F.C.S., to lecture under the auspices of the Society on 
February i6th, subject, " History and Progress of Gas Lighting ; " also 
of Prof C. F. Chandler for March i6th, on ** Storage of Electricity," 
and of Dr. Henry D. Noyes, the well-known oculist and physicist 
for April 20th — subject not yet announced. 

Papers announced for next meeting are "Tuberculosis" and 
"Adulteration of Beer." Subject for discussion, " Is Glucose a Harm- 
less and Permissible Adulteration ? " 

The election of officers for the second session resulted in the se- 
lection of President^ C. F. McKenna, '83 ; First Vice-Presidenty W. 
H. Weed, '83 ; Second Vice-President ^ E. Randolph, '83 ; Secretary^ 
W. W, Burritt, '84 ; Treasurer. C. S. McLoughlin, '84. 

By special arrangement between Dr. Ricketts and the Engineering 
Department the Mining Engineers of the fourth year are to have no 
lectures on Thursdays during the remainder of the term. Dr. Rick- 
etts has also kindly opened the Assay I^aboratory on Saturdays, so 
that the students have two whole days in the week to devote to as- 
saying. This will enable them to finish their work much sooner than 
usual, and those who are behind in quantitative analysis will have ample 
time to complete their work in that also. 

At a meeting of the Trustees of Columbia College, held December 
4, 1882, the following resolutions were pissed : 

FIRST, AS TO MATRICULATION FEES. 

Resolved^ That each student in every department of the college 
shall pay a fee of five dollars ($5) before matriculation in each 
year, and that such fee shall be paid by the applicant for admission 
before examination, and in case the examination is held at a time not 
appointed in previous public announcements^ the fee required shall be 
ten dollars. 
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SECOND, AS TO GRADUATION FEES. 

Resolved^ That every candidate for the degree of Bachelor of 
Arts, Bachelor of Letters, or Bachelor of Sciences in the college, shall 
be required to pay a fee of fifteen dollars ($15) before being ad- 
mitted to the final examination of the course, and that every candidate 
for the degree of Master of Arts, Master of I^etters, or Master of Sci- 
ences shall be required to pay a fee of twenty five dollars ($25) 
before being admitted to the final examination for such degree. 

Resolved^ That every candidate for the degree of Bachelor of 
Philosophy in the School of Political Science, or for the same degree 
in the School of Mines, or for the degree of Civil Engineer, or for the 
degree of Engineer of Mines, or for the degree of Bachelor of Archi- 
tecture, and also for the degree of Bachelor of Laws in the School of 
I^aw, shall be required to pay a fee of twenty-five dollars ($25) before 
being admitted to the final examination. 

Resolved^ That every candidate for the degree of Doctor of Phil- 
osophy in the School of Political Science, or School of Mines, or of 
Master of Laws in the School of Law, shall be required to pay a fee 
of thirty-five dollars ($35) before entering the examination for such 
degree. 

THIRD, AS TO EXTRA EXAMINATIONS. 

Resolved^ That every student in any department, who shall be ad- 
mitted to an extra examination, in anticipation of the time regularly 
appointed, or in consequence of failure to attend or to perform satis- 
factorily the duties at any intermediate or concluding annual examina- 
tion throughout the course, shall be required to pay a fee of five dol- 
lais ($5) before being admitted to such examination. 

Resolvedy That the foregoing resolutions shall take effect upon all 
students entering any department after the close of the present calen- 
dar year. 

On motion of Mr. Ogden, Resolved^ That fees required by existing 
regulation shall continue until the foregoing resolutions shall become 
applicable, and shall thenceforth be discontinued. 

On like motion. Resolved^ That free students shall not be exempted 
from the payment of any fees prescribed by the foregoing resolution. 

The lecture on " The Transit of Venus," by Professor Rees, before 
the Engineering Society, was well attended and extremely interesting. 
We feel safe in saying that Professor Peck's room never held and 
never will hold, unless it is enlarged, a more numerous or more at- 
tentive audience. 

Professor Hutton's lecture on ** The Growth of the Locomotive 
Engine" took place on January 26th. 

Professors Chandler and Trowbridge have also promised to lecture 
before the society. 

At the regular meeting held November 24th the subject of debate 
was : " Resolved, That it is Advantageous to Use Asphaltic Pave- 
ments in the Streets of New York." Affirmative : Messrs. Haasis 
and Channing. Negative : Messrs. Suter and Braschi. Mr. Eiallos 
read a very interesting paper on the " Advantages Offered to the Min- 
ing Engineer in Central America." 
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The subject for debate at the meeting of January ipth was : " Re- 
solved, That the Compound Engine is More Efficient Than the Single 
Cylinder Engine," Affirmative -• Messrs. Suter and Powell. Nega- 
tive : Messrs. Banks and Peele. The subject is one which presents 
difficulties for the most experienced engineers, and while no conclu- 
sive result can be expected from its discussion by the society there are 
benefits to be derived from the study of the subject which would 
otherwise not be brought so prominently before the students. In this 
respect the question is a good one. 
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The Alumni Dinner. — According to announcement, the Thir- 
teenth Annual Reunion of the Alumni of the School of Mines was 
held at the Buckingham Hotel, Thursday evening, December 28, 1882. 

An elaborate menu was prepared for, and fully appreciated by the 
hungry Alumni, fifty of whom were present. Around the table, which 
was in shape somewhat like a large dumb-bell, the graduates were 
seated in the order of their classes, an arrangement which brought 
those best acquainted near each other, and greatly promoted the con- 
viviality of the meeting. 

Dr. F. R. Hutton, '76, presided, in the absence of the president, 
and, as toast-master, announced the toasts in a very happy and 
humorous vein. 

The first toast of the evening, " Our Alma Mater," was to have 
been responded to by Professor Peck ; but owing to liis absence was 
drunk in silence, or as the toast-master expressed it, " drunk Mumm,^ 

Dr. Ricketts responded to the toast of the Alumni Association, 
giving briefly an account of the formation and work of the Associa- 
tion, and an outline of the changes proposed by the managers. 

Mr. Smith, '68, Secretary of the Iron and Metal Exchange, an- 
swered to the next toast—" Iron ; the True Medium of Exchange, 
rather than Gold " — in a historico-humorous vein which put every one 
in a state of laughter. 

To H. S. Munroe, '69, fell the task of responding to the toast, 
" Printer's Ink ; the best Lubricant for Technical Journals," while 
J. K. Rees, '75, wrestled with the problem of "The Lake-dwellers, 
and their Influence on Modern Civilization." 

Stearns, '81, delivered a humorous panegyric on the School of 
Mines, in response to the toast of ** Mining Machinery," and re- 
sponses to other toasts were made by Norris, '77, Kunhardt, '80, 
Downes, '82, Colby, '81, and others. 

Dr. Hutton made a brief speech in response to a call, after which 
the graduates gathered round the piano and made the room ring with 
songs of their Alma Mater. 

The Board of Managers, one from each class, elected for 1883, were : 

A. W. Hale, '67 ; F. A. Schermerhorn, '68 ; H. S. Munroe, '69 ; 
Elwyn Waller, '70 ; P. de P. Ricketts, '71 ; P. T. Austin, '72; H. 
W. Webb, '73 ; W. de L. Benedict, '74 ; ]. K. Rees, '75 ; F. R. Hut- 
ton, '76; D. H. Norris, '77; W. G. Elliott, '78; K. Neftel, '79; 
A. L. Beebe, '80; A. L. Colby, '81 ; A. J. Moses, '82. 

At the business meeting of the managers, held before the dinner, 
the following officers were elected for 1883 : 

President, F. A. Schermerhorn, %2> \ First Vice-President^ A. W. 
Hale, '67 ; Second Vice-President^ F. R, Hutton, '76; Third Vice- 
President, H. S. Munroe, '69 ; Treasurer^ J. K. Rees. '75 ; Secretary, 
P. deP. Ricketts, '71. 
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The change in the constitution and method of election of officers 
has undoubtedly been beneficial to the association, the increased in- 
terest of graduates having been shown by letter, and by the full at- 
tendance at the reunion, which was the largest and most successful 
ever held. 

At meetings of the Board of Managers of the Alumni Association, 
held November 24th and December 28th, several important changes 
in the organization and policy of the Association were inaugurated, 
some of which have already been carried into eflfect 

At the meeting of November 24th, the plan of electing officers was 
radically changed so as to secure a Board of Managers elected by 
ballot, and representing the different classes. The method of election 
is as follows : 

The Secretary mails to each member of the Association a list of 
the members of his class, and requests him to select from it and nominate 
one man as his choice for the representation of the class on the Board 
of Managers. These ballots are forwarded to the Secretary by mail, 
and opened ten days before the Annual Reunion by two tellers ap- 
pointed by the President. The member of each class receiving the 
greatest number of votes from his class-mates is the Manager repre- 
senting that class for the ensuing year. In the case of a tie vote the 
eldest, according to the records of the School, is declared elected. 
The officers of the Association, namely, a President, three Vice-Pres- 
idents, a Treasurer, and a Secretary are elected by the Board of Man- 
agers from their own number, by ballot, at a meeting held immediately 
before the Annual Reunion, 

It is now proposed by the Board of Managers to have meetings of 
the Association at the School of Mines, or at other convenient place, 
four times during each school year, for the reading of papers and the 
discussion of subjects of general or technical interest ; these meetings 
to be in addition to the regular Annual Reunion and dinner, which has 
always proved so enjoyable an affair. This new departure, if adopted, 
will place the Alumni Association on a similar footing with other sci- 
entific societies, and give it a more important aim and object than it 
has had hitherto. There are now 328 graduates of the school, of whom 
over 1 50 are located permanently in this city or vicinity, besides those 
who come here from time to time on business or pleasure. While the 
Association numbers men of several professions, engineers, metal- 
lurgists, chemists, geologists, etc., yet all its members have much in 
common, and the meetings will probably prove interesting and valuable 
to all alike. The Society has undoubtedly a brilliant future before it 
in the new work it has undertaken. 

In order to make the Association more useful to its members, it is 
proposed also to establish a sort of employment bureau on the fol- 
lowing plan. The secretary \vill insert a carefully worded advertise- 
ment at intervals ih such journals as he may deem best ; directing 
such as may desire the services of Mining Engineers, Civil Engineers, 
Chemists, Surveyors, Draughtsmen, etc., to apply to the Secretary of 
the Association. Immediately on the receipt of an application in 
answer to advertisements, or from any other sources, printed circu- 
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lars or telegrams, if necessary, will be sent, with full particulars, to all 
graduates who may signify their desire to receive such. 

Three days after the sending out of such circulars or telegrams, 
unless a shorter time should be specified, all answers will be opened 
by a standing committee, and the names of the three men in their 
judgment best qualified for the special work of the position offered, 
will be communicated to the person applying. 

The advantages of this plan will be many, chief among which will 
be the establishment of a prompt means of communicating with grad- 
uates desiring employment, so that they can be put in communication 
with those wishing their services without loss of time. Only a short 
time since a position was offered, and with every effort, nearly ten 
days passed without response ; finally, several applications were re- 
ceived, but the position had in the meantime been filled. The same 
thing has happened more than once to the writer and to others con- 
nected with the school. 

On account of the increased expenses of the Association, conse- 
quent on its enlarged scope of action, it is proposed to increase the 
annual dues to two dollars. At the same time, life memberships will 
be instituted, so that a graduate paying thirty dollars at one time will 
be relieved from further payment of annual dues. 

The badges of membership in the Association are three, viz. : 
the platinum and gold cross hanmiers, or " schldgel und eisen " for 
Mining Engineers, the peg and axe, also in platinum and gold, for the 
Civil Engineers, and the potash bulbs for the Chemists. These 
badges are issued only to graduates, and can be had through the 
Secretary, or from the members of the Committee on Badges — H. S. 
Munroe, F. R. Hutton, and P. de P. Ricketts. 



LOCATION OF GRADUATES. 

The following list of graduates, arranged according to locality, is 
interesting as showing how widely scattered are the School of Mines' 
men. It has been compiled with two objects — first to inform those 
who are travelling about this country, and over the world, where they 
may expect to meet fellow^graduates, and second, to inform the older 
graduates of the whereabouts of the younger men in their vicinity (and 
vice versa) that they may be enabled to make each others' acquaint- 
ance. For exact address in each case the reader is referred to the 
Graduate List published in this number. 

Brazil. — Barros, '77 ; Jorddo, '77. 

Canada. — Dolor 0: Greene, '80. 

Cuba.— Brinckerhoff, '78 ; Francke, *8o. 

Central America. — Salvador: Parker, '80. 

Germany.— Navarro, '805 Wcichmann, '81 ; Caiman, *82 ; Wittmack, '82. 

Japan.— Hasegawa, ^78 ; Matsui, ^78 ; Nambu, '78. 

Mexico. — State of Chihuahua: Holbrook, '76; Leggett, '79; Sheldon, '79. 

Culiacan: Griswold, '81; Roberts, *8i ; Swain, *8i. San Luu Potosi: 

Perry, '78. Sonora: Olcott, '74; Biish, '81, 
Peru.— Pazos, '78. 
Travelling. — In Europs: Gordon, '71, 
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Alabama. — Noble, "79. 

Arizona. — Clifton : Lindsley, '70. Globe: Devereaux, '78. Tombstone : Churcli, 

'67; Van Blarcom, '76; Emrich, '82. 
California.— ^tw//>: Noyes, * 75; Marker, '79. J/^-jriV^ ; Thacher, '77. North 

Bloomfield: Radford, '77. North San Juan: Browning, '80. Oakland: 

Downing, '78. San Francisco : Adams, '67 ; Lillienthal, '70. 
Colorado. — Animas Forks: Ihlseng, '77. Colorado Springs: Parsons, '68; 

Strieby, '78. Denver: lies, '75 ; Raymer, '81. Georgetown: Parker, '78; 

Page, *82. Golden : Ihlseng, '75 ; Tilden, '76. Gunnison City : Cornwall, 

'76. Irwin: Reed, '77. Kojiomo: Cloud, '79. Leadville: Van Wagenen, 

'70 ; Murray, '74; Bruen, '76 ; Helleberg, '77 ; Nichols, '77; Fernekes, '78. 

Monietuma : Lawrence, '78. Nevadaville : Craven, ^76 ; Cornwall, *79. Rico: 

Garlichs, '8a Telluride: Mathis, '79. 
Co-s^B-CTiciiT.^ Collinsville : Hill, '82. Portland: Ingersoll, '7a Weathers 

field : Williams, '81. 
District of Columbia. — Washington: Shumway, *82. 
Idaho. — Galena : McCuUoh, '78. 
Illinois. — Aurora: Van Arsdale, '68. Bloomington: Tuttle, '67. Chicago: 

Giddings, '67. Cummings : Stockwell, '82. 
Indiana. — Terre Haute: Colton, '73. 
Kentucky. — EUzabethiown : Reed, '7Q. 
Louisiana. — New Orleans: Stewart, 75 ; East wick, '79. 
Massachusetts.— ^<7x/<7« ; Schack, *68 ; Hunt, '76; Hollerith, '79. Cambridge : 

Dunham, '81. AVw^wry/tTr/; Thompson, '75. iViTrM ^^/iw/ ; Douglaf, '81. 
Michigan. — Ann Arbor: Joy, '75. Delaware Mine P.O.: Klepetko, '80. 

/shaming: Fitch, ^S2. Marquette: Wetmore, '75. Menominee County: 

Cady, '77. 
MissouKL — St. Louis: Potter, '69; Riggs, '71. fronton : Munroe, '79. 
Montana. — Helena: Nettre, '69. Walkerville : Bleecker, '81. 
Nebraska.— O/wtf^tf ; Hoyt, '76. 
Nevada. — Winnemucca: Van Lennep, '67. 
New Jersey. — Dover: Canfield, '73. Jersey City: Booraem, '78 ; Downs, 

'82. Newark : Pool, '75 ; Murphy, '78 ; Starr, '79 ; Stone, '79 ; Sands, 

'82. New Brunswick: Austen, '72. Orange: Williams, '74. Oxford: 

Robertson, '68. Princeton: Cornwall, '67 ; Marsh, '79. Tomkins Cove: 

Roberts, '71. 
New Mexico. — Fort Wingate: Wilson, '81. Georgetown : Smalley, '80. Silver 

City: Ross, '76. Tombstone: Judd, '81. 
New York.—- 5«/a/^ : Karr, '78. Brewstersi Ruttman, '80; lUig, '82; Payne, 

*82 ; Vondy, '82. Catskill : Meserole, '81. Furnaceville : Parrott, '70. 

Hamilton College: Chester, '68. Hoosic Falls : Johnson (I. B.), '79. Ithaca: 

Newberry, '78. Port Jervis : Parsons, '82. Potsdam: Heath, '67. Rye: 

Wainwright, '82. Staten Island: Wheeler, '68 ; Wardlaw, '76. Spuyten 

Duyvil: Johnson (E. M.), '78; Johnson (G. H.), '78. 
New York City and Brooklyn. — 

•67 — Bridgham, Brown, Brownson, Gracie, Hale, Harmer. 

'68 — Barnard, Baxter, Carson, Coursen, Geer, Pistor, Piatt, Schermerhorn, 
Smith (L.), Smith (W. A.), Stallknecht. 

'69— Bruckman, Hooker, Jenney, Munroe, Randolph. 

•70— Haight, Waller. 

'71 — Fales, Goldschmidt, Ricketts. 

•72— McDowell, Sloane, Wendt. 

'73— Mott, Webb, Williams. 

'74 — Allen, Benedict, Cameron, Rees. 

'75 — Jackson, Leavens, Macy, Pfister, Rees, Rolker, Russell, Tucker, Wells. 

'76 — Garrison, Gratacap, Hall, Hamilton, Hutton, King, Love, Maghee, 
Morewood, O'Grady, Randolph, Wallbridge. 

'77 — Beard, Behr, Buckley, Canfield, Caldwell, Colby, Constant, Cornell, 
Floyd, Hildreth, Mackintosh, Murphy, Norris, Rogers, Sage, Smeaton, 
Smyihe, Van Boskerck, Waterbury. 

'78 — Benjamin, Butler, Cushman, Davis, Drummond, Elliott, Haas, Hodges, 
Hole en, Morewood, Morris, Munsell, Noyes, Owen, Palmer. 

'79 — Britton, DeLuze, Haffen, Hathaway, Hollick, Johnston, Mayer, Merwin, 
Nefiel, Nesmiih, Rutherfurd, Suydam, Williams. 

*8o — Beebe, Benjamin, Brugman, Butler, Churchill, Claik, Elliott, Engel, 
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Greenleaf, Hallock, Hendricks, Hooper, Hopke, "Hudson, Kunhardt, 
Mattison, Merritt, Parks, Robinson, Torrey, Walker, Wheeler. 
•8 1 — Andresen, Braschi, Colby, Elliott, Hemmer, Leary, Ledoux, Little, 
Neyman, O'Connor (M. J.)» O'Connor (T. D.), Pitkin, Sawyer, Share, 
Steams, Tuttle, Van Sinderen, Vult^, Williams. 
'82 — Conant, Cooper, Crocker, Dougherty, Downes, Feuchtwanger, Touet, 
Moses, Oothout, Powers, Staunton, Toucey, Traphagen, Wanier, Ward, 
White, Young. 
North Carolina. — Charlotte: Hanna, ^6^ 
Ohio,— Cleveland : Foote, '76. Columbus: Lord, *76. GUndale : Going, *82; 

Porter, '82. Oberlin : Wright, '75. Youngstawn : Meissner, *8a 
Pennsylvania.— il/fA>^j/<?r/ ; Tonn^l^, *8o. Philadelphia: LlUie, '74. Pitts- 
burg: Robertson, '71 ; Singer (G.), '80; Singer (G. H.), '80. Riddlesbur^: 
Kelly, '77. Scranton : Moffatt, '68. Shamokin : Ludlow, '79. West Mid- 
dlesex: Aschmann, '81. 
Rhode \%\.pci^x>.—Nexupori : Putnam, '75 ; Willis, '78 ; Richmond, '81. 
South Carolina. — Charleston: Chazal, '8i. 
Tennessee.— A^<w^i7/f.* Campbell, '69. Tracy City: Merwin, '79, 
Texas. — San Antonio: Hollis, '78. 

\}1KH.—Park City: Rhodes, '79. Salt Lake City: Knapp, '70; Terhunc, '70; 
Rhodes, '74; Austen, '76 • Schneider, '76 ; Furman, '81; Wilson, '82; 
VvsiGmiK,— Backbone: Lyman, 78. Falls Mills : Starr, *8 1. 
Wisconsin. — Madison: Irving, '69. 
Wyoming. — Rawlins : Blydenburgh, *78. 



LIST OF GRADUATES. 
1867. 

John Magnus Adams, A.B., A.M., E.M., Mining and Mechanical Engineer, 

Agent for Fruc Vanner, etc., 109 California Street, Room 7, San Francisco, 

Cal 
Samuel Willard Bridgham, E.M., 49 West Twenty-third Street, New York City. 
Francis Gordon Brown, E.M., Merchant, 116 East Twenty-seventh Street, New 

York City. 
Edward Stelle Bronson, A.B., A.M., E.M., Prospect Park, Brooklyn. Hoase, 

144 Hicks Street. 
John Adams Church, E.M., Ph.D., Superintendent Tombstone Mill and Mining 

Co., Tombstone, Arizona. 
Henry Bedinger Cornwall, A.B., A.M., E.M., Professor of Analytical Chemistry 

and Mineralogy, College of New Jersey, Princeton, N. J. 
Edward Everett Giddings, E.M., Merchant, 21 Metropolitan Block, Chicago, III 
Charles King Gracie, A.M., E.M., 71 Broadway, New York City. 
Albert Ward Hale, A.B., A.M., E.M., Civil and Mining Engineer, 71 Broadway, 

New York City. 
Thomas Hayes Harmer, A.B., A.M., E.M., 113 East Thirty-seventh Street, New 

York City. 
Frederic Milton Heath (formerly Petit), E.M., Potsdam, Saint Lawrence County, 

N. Y. 
William Wey Tuttle, E.M., Horticulturist, care of Baird & Tuttle, Bloomington, 

III 
David Van Lennep, E.M., County Surveyor and Assayer, Winnemucca, Humboldt 

County, Nevada. 

1868. 

Augustus Porter Barnard, E.M. Address, care of D. Van Nostrand, 23 Murray 

Street, New York City, 
ueorge Strong Baxter, A.B., E.M., Mining and Civil Engineer, Cashier North 

Pacific Railroad, 23 Fifth Avenue, New York City. 
James Pettigrew Carson, E.M., Mining Engineer. Address, 71 Broadway, New 

York City. 
Albert Huntington Chester, A.M., E.M., Ph.D., Childs Professor of Agricultural 

Chemistry, Hamilton College, Clinton, Oneida County, N. Y, 
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George Hampton Coursen. E.M., C.E., 307 Greenwich Street, New York City. 
George Jarvis Geer, Jr., E.M., Merchant, 453 Broome Street, New York City. 
George Byron Hanna, A.B., E.M., Melter, U. S. Assay Office, Charlotte, N.C. 
•Archibald MacMartin, A.B., A.M., E.M., Editor and Metallurgist, i68 Fifth 

Avenue, New York City. Died in New York City, May 7, 1881. 
Edward Stewart MofTatt, A.B., A.M., E.M., Assistant General Manager, Lacka- 
wanna Iron and Coal Company, Scranton, Pa. 
George Howland Parsons, E.M., Superintendent of Land Improvement Company, 

Colorado Springs, Col. 
William Pistor, E.M., Hamilton & Pistor, Architects, 35 Broad Street. Residence, 

136 East Thirty-seventh Street, New York City. 
Charles Slason Piatt, E.M., Assayer, 4 Liberty Place, New York City. 
Kenneth Robertson, E.M., Manager Pequest Iron Works, Oxford, N. J. 
Albert P. Shack, E.M., Ministry, 24 Somerset Street, Boston, Mass. 
Frederick Augustus Schermerhom, E.M., Trustee of Columbia College. Address, 

61 University Place, New York City. 
Lenox Smith, A.B., E.M., Steel Rails, 46 Pine Street, New York City. 
William Allen Smith, E.M., Secretary Iron and Metal Exchange Company 

(Limited). Address 16 Exchange Place, New York City. 
Frederick Stallknecht. E.M., Editor, 133 West Thirteenth Street, New York City. 
William Henry Van Arsdale, A.B., A.M., E.M.^ Vice-President Aurora Smelting 

and ReBning Company, Aurora, III. 
Moses Dillon Wheeler, A.B., E.M., P. O. Box 231, Stapleton, Richmond County, 

Staten Island. 

1869. 

• Thomas Monahan Blossom, A.B., A.M., E.M. Died, October, 1876, in Call- 
fomia. 

Frederick Bruckman, E.M., 125 East Eighth Street, New York City. 

Alonzo Clarence Campbell, E.M., Chemist and Mining Engineer, 227 Shelby 
Avenue, Nashville, Tenn. 

William Augustus Hooker, A.B., A.M., E.M., Consulting Geologist and Mining 
Engineer ; office, 2 Wall Street, New York City. 

Roland Duer Irving, A.M., E.M., Ph.D., Professor of Geology and Mineralogy 
in the University of Wisconsin, and United States Geologist in charge of 
survey of crystalline rocks of the Northwestern States. 

Walter Proctor Jenney, E.M., Ph.D., Consulting Engineer and Geologist. Ad- 
dress, care of S. Jenney & Son, 128 Pearl Street, New York City. 

Henry Smith Munroe, E.M., Ph.D., Adjunct Professor in Surveying and Practi- 
cal Mining, School of Mines, Columbia College, New York City. 

Lionel Robert Nettre, E.M., Superintendent of the Gregory Consolidated Mining 
Company, Helena, Lewis and Clarke Counties, Mont. 

^ Henry Newton, A.B., P^.M., Ph.D. Died, August 5, 1877, at Deadwood City, 
Dak, Ter., while occupied as Assistant Geologist of Black Hills Expedition. 

William Bleecker Potter, A.B., A.M., E.M., Professor of Mining and Metal- 
lurgy, Washington University, St. Louis, Mo. 

John Cooper F. Randolph, A.B., A.M., E.M., Consulting Engineer, 35 Broad- 
way, New York City. 

1870. 

Ogden Haight, E.M., Stock Broker, 38 Broadway, New York City. 

WiUiam Halsey Ingersoll, A.B., A.M., LL.B., E.M., United States Stamping 

Company, Portland, Conn. 
John Augustus Knapp, A.B., A.M., E.M., General Manager Mingo Furnace, P. 

O. Box 515, Salt Lake City, Utah. 
John Leo Lilienthal, E.M., P. O. Box 1058, San Francisco, CaL 
Stuart Lindsley, E.M., Superintendent Detroit Copper Company, Clifton, Ariz. 
Edward Moore Parrot, E.M., Manager of the Fumaceville Iron Company, Fur- 

naceville, Wayne County, N Y. 
Richard Henry Terhune, E.M., Superintendent of the Morgan Silver Smelting 

Company, Salt Lake, Utah. 
Theodore Francis Van Wagenen, E.M., General Manager Twin Lakes Consoli- 
dated Gold Placer Mining Company, Leadville, Col. 
Elwyn Waller, A.B., A.M., E.M., Ph.D., Instructor in Analytical Chemistry, 

School of Mines, Columbia College, and Chemist to the New York Board of 

Health, New York City. 
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1871. 

William E. S. Fales, E.M., LL.B., Counsellor-at-Law, 189 Montague Street, 
Brooklyn, N. Y. * 

Samuel Anthony Goldschmidt, A.B., E.M., Ph.D., Manufacturing Chemist, Co- 
lumbia Chemical Works, 66 Water Street, Brooklyn, N. Y. 

John Gordon, Jr., E.M. Address, care E. Johnson & Co., Rio Janeiro, Brazil. 

Pierre de Peyster Ricketts, E.M., Ph.D., Instructor in Assaying, School of Mines, 
Columbia College. 

George Washington Riggs, Ph.B., Chemist, Potter & Rig^, Washington Univer- 
sity, St. Louis, Mo. 

Gracie Sayre Roberts, E.M., C.E., New York, Ohio & Western Railroad, Tom- 
kins Cove, Rockland Co., N, J. 

Richard Spotswood Robertson, Jr., E.M., with Carnegie Bros. & Co., Pitts- 
burg, Pa. 

1872. 

Peter Townsend Austen, Ph.B., Ph.D., F.C.S., Professor of General and Applied 
Chemistry, Rutgers College, New Brunswick, N. J. 

♦ Frank B. Jenney, E.M. Died in Trinidad, 1876, while engaged as Superinten- 
dent of the Orinoco Exploring Company. 

Frederick H. McDowell, E.M., Beckett & McDowell, 120 Liberty Street, New 
York City. 

Thomas O'Connor Sloane, A.B., A.M., E.M., Ph.D., Chemist, 119 Pearl Street, 
New York City. 

Arthur F. Wendt, E.M., C.E., Consulting Engineer, 10 Cedar Street, New York 
City ; residence, 414 East Fifty-first Street. 

1873- 

Frederick A. Canfield, A.B., A.M., E.M., Consulting Engineer, Dover, N. J. 

Charles Adams Colton, E.M., Professor, Rose Polytechnic Institute, Terre Haute, 
Indiana. 

Henry Augustus Mott, Jr., E.M., Ph.D., Mining Engineer and Analytical Chem- 
ist ; 61 Broadway, Room 56, New York City. 

Henry Walter Webb, E.M., Broker; residence, 14 West Thirty-eighth Street, 
New York City. 

John Townsend Williams, E.M., Ph.B., East River Chemical Works, Forty-fourth 
Street and East River, New York City. 

1874. 

Charles Sumner Allen, Ph.B., M.D., Practising Physician, 104 East Eighty-fiftk 

Street, New York City. 
William de Liesseline Benedict, E.M., Benedict & Cole, 63 Broadway, New York 

City. 
John Gedney Mott Cameron, E.M., C.E., Assayer, Spears & Howard. Address, 

Fifty-fifth Street and Madison Avenue, New York City. 
Samuel Morris Lillie, E.M., Chemist, Harrison, Havemeyer & Co., loi South 

Front Street, Philadelphia ; residence, 307 Pine Street, Philadelphia, Pa. 
George Murray, E.M., General Manager Amer. Mining and Smelting Co., Lead- 

ville, Colorado. City address, 235 West Twenty- third Street, New York City. 
Eben Erskine Olcott, E.M., Superintendent St. Helena Gold Mine, Delicias, So- 
nera, Mex. Address, 11 1 West Thirteenth Street, New York City. 
Benjamin Franklin Rees, E.M., Merchant, 37 Ferry Street, New York City. 
Francis Bell Forsyth Rhodes, E.M., Superintendent Mingo Works, near Sail 

Lake, Utah. 
Frederick Harrison Williams, E.M. Care of W. Williams, Orange, N. J. 

1875. 

Magnus C. Ihlseng, E.M., C.E., Ph.D., Prof, of Engineering, State Schod of 

Mines, Golden, Col. 
Malvern Wells lies, Ph.D., Metallurgist, Grant Smelting Company, Denver, Col 
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Charles Edward Jackson, C.E., Division Engineer, Manhattan Raih-oad Com- 
pany, 60 Gold Street, New York City. 

Douglas Arad Joy, E.M., Assistant in Chemistry, University of Michigan, Ann 
Arbor, Mich. 

•Robert Schuyler Lamson, C.E., Major in the Eg>'ptian Array. Died at Darbour, 
Upper Egypt, 1876. 

Harry Wenman Leavens, E.M. Care of Frederick Leavens, 835 Broadway, New 
York City. 

Arthur Macy, Ph.B., C.E. Address, 609 Lexington Avenue, New York City. 

William Skaats Noyes, E.M., Assayer in charge of Bodie Mill, Cal. 

Philip Charles Pfister, E.M., Black & Pfister, 142 Maiden Lane, New York City. 

Franklin Pool, E.M., Chemist, Celluloid Manufacturing Company, Newark, N. J. 

Bayard Taylor Putnam, E.M., Northern Trans-continental Survey, Newport, R. I. 

John Krom Rees, A.B., A.M., E.M,, Adjunct Professor in Geodesy and Practical 
Astronomy and Director of the Observatory, Columbia College, New York 
City. 

Charles M. Rolker, E.M., Mining Engineer, 63 Broadway, New York City. Re- 
sidence, 302^ Livingston Street, Brooklyn, N. Y. 

Samuel Rowland Russell, E.M., 417 Fifth Avenue, New York City. 

Hunter Stewart, E.M., Civil Engineer, P. O. Box 1366 New Orleans, La. 

Milton Strong Thompson, Ph.B., Chemist, Chrolithion Manufacturing Co., New- 
bury port, Mass. ' 
{ohn Henry Tucker, Ph.D. 
ames Simpson Chester Wells, Ph.D., Instructor in Analytical Chemistry, School 
of Mines, Columbia College. 

Edwin Atwater Wetmore, E.M. Care of E. A. Wetmore & Co., Iron Merchants, 
Marquette, Mich. 

Albert Allen Wright, A.B., A.M., Ph.B., Prof. Geology and Natural History, 



Oberlin College, Oberlin, O. 



1876. 



Thomas Septimus Austin, E. M. , Supt. Smelting Works, Germania Station, Salt 

Lake, Utah. 
Frederick Everett Bruen, E.M., C.E., Robinson ConsoL Mining Company. 

Address P.O. Box 16, Leadville, CoL 
Francis Sanderson Craven, E.M., C.E., Supt. Gold Hill Mining Company, 

Nevadaville, Bald Mountain P.O., Gilpin Co., Col. 
George Rockwell Cornwall, E.M., C.E., Mining Engineer, Gunnison City, CoL 
Herbert Carrington Foote, C.E. , Professor of Chemistry, Central High School. 

Address, 37 Arlington Court, Cleveland, O. 
Edmund Hyatt Garrison, E.M., C.E., Asst. Treas. Central Park and E.R.R.R. 

Co., Tenth Avenue and Fifty-third Street, New York City. 
Louis Benton Gratacap, Ph.B., M.A., Curator Am. Museum of Natural Hbtory, 

Central Park. Address, 8i Gold Street. New York City. 
Robert William Hall, E.M., Mining Engineer, 3 W. Fifty-Sixth Street, New 

York City. 
Schuyler Hamilton, Jr., A.B., A.M., E.M., Architect, 35 Broad Street, New 

York City. 
Francis Newberry Holbrook, C.E., Superintendent Corralitos Mining Company, 

Corralitos, Chihuahua, Mex. Address, care J. P. Holbrook, 254 Broadway, 

New York City. 
Walter Lowrie Hoyt, E.M., C.E., Chemist and Assayer, Omaha Smelting and 

Refining Company, Omaha, Neb, 
Frederick Furneaux Hunt, E.M., C.E., 4 Pemberton Square, Boston, Mass. 
Frederic Remsen Hutton, A.B., A.M., E.M., C.E., Ph.D., Adjunct Professor in 

Mechanical Engineering, School of Mines, Columbia College. Address, 6 W. 

Thirty-third Street, New York City. 
Charles King, Ph.B., Real Estate and Insurance, New York City. 
Nathaniel Wright Lord, E.M., Professor of Mining and Metallurgy, Ohio State 

University, Columbus, Ohio. 
Edward Gurley Love, A.B., A.M., Ph.D., Tester of ill. gas, Dept. of Public 

Works, New York City ; Examiner in Chem. , College of Physicians and Sur- 
geons. Address, School of Mines, Columbia College. 
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John Holme Maghcc, A.B , A.M., C.E., 16 East Fifty-fourth Street, New York 

City. 
Henry Franda Morewood, E.M., Importer, 34 South Street, New York City. 
James William O'Grady, E.M., C.E., Home Street, opposite Villa Place, Morris- 

ania, New York. 
James Fitz Randolph, KM., C.E., Supt. N. Y. and Long Branch R. R., 119 Lib- 

erty Street, New York City. 
William Coleman Ross, E.M., C.E., Silver City, Grant Co., New Mex. 
Albert Francis Schneider, E.M., C.E., Supt Germania Smelting and Refining Co., 

P. O. Box 748, Salt Lake City, Utah. 
George Cyrus Tilden, C.E., Mining Engineer, Golden, Col. 
Elbert Champliu Van Blarcom, C.E., Tombstone, Ariz. 
Augustus Clark Walbridge, E.M., C.E., 71 Downing Street, Brooklyn, N. Y. 
James Robert Wardlaw, C.E., Village Engineer, Castleton, S. I. 

1877. 

Louis de Souza Barros, C.E., E.M., San Paulo, Brazil. 

James Thom Beard, E.M., C.E., 103 St. James* Place, Brooklyn. 

Edward Behr, C.E., Piano Manufacturer, 42 Union Square, New York City. 

Charles Ramsay Buckley, A.B., A.M., E.M. Address, 66 Broadway, Room 56, 
New York City. 

Linus Bertram Cady, E.M., C.E., in Michigan. Address, 234 West Thirty-eighth 
Street, New York City. 

Augustus Cass Canfield, E.M., 60 West Fifty-fourth Street, New Y'ork City. 

John Britton Cauldwell, C.E., 6 East Forty-ninth Street, New York City. 

*Henry Gilbert Clark, KM., C.E., late Supt. Cortez Minmg and Milling Co., 
Aurora, Nev. Died of typhoid fever, August 2, 1 881. 

Charles Edwards Colby, E.M., C.K, Private Assistant to Professor C. F. 
Chandler. Address, Fiftieth Street and Fourth Avenue, New York City. 

Charles Louis Constant, E.M., C.K, T. J. Hojer & Co., Pamts, 936 Third 
Avenue, New York City. 

George Birdsall Cornell, KM., C.E., Civil Engineer. Address, 46 West Forty- 
eighth Street, New York City. 

Frederick William Floyd, E.M.,C.E., Oregon Iron Works, 738 to 744 Green- 
wich Street, New York City. 

Frank Stuart Helleberg, C.E., Assayer and Chemist, Cummings & Finn Smelting 
Works, Leadville, Col. 

Walter Edwards Hildreth, E.M., C.E., Consulting Engineer, 53 Broadway, New 
York City. 

Axel Olaf Ihlseng, B.S., E.M., C.K, Mining Engineer, Animas Forks, CoL 

Jos^ Nabor Pacheco Jordao, C.E., KM., Ph.B., Paulista Railroad, San Paulo, 
Brazil. 

William Kelly, A.B., E.M., Superintendent Kemble Coal and Iron Co., Rid- 
dlesburg, Bedford County, Penn. 

James Buckton Mackintosh, E.M., C.E., Private Assistant to Dr. Egleston, School 
of Mines, Columbia College. 

John Glenvil Murphy, E.M., C.E. Address 409 Lexington Ave., New York City. 

Ralph Nichols, KM., C.E., Chemist, La Plata Smelting and Mining Company, 
Leadville, Col. 

Dudley Hiram Norris, E.M., Lawyer, 112 Lafayette Avenue, Brooklyn. 

♦James Robert Priest, E.M.. C.E., School Teacher and Surveyor, Greenville, 
Sinon County, Liberia, Africa. Died, i88a 

William Helsham Radford, KM., North Bloomfield, Nevada Co., Cal. 

Sylvanus Albert Reed, A.B., E.M., Gunnison Crushing and Sampling Works, Rose, 
Reed & Co. , Irwin, Gunnison County, Col. 

Charles Louis Rogers, KM., C.E., 39 Broadway, New York City. 

Edward Euqene Sage, C.K, Assistant Assayer, United States Assay Office, New 
York City. 

William Henry Smeaton, C.K, E.M., Mt. Vernon, Westchester Co., N. Y. 

Roland Mulville Smythe, E.M., C.E., 539 Henry Street, Brooklyn, N. Y. 

Arthur Thacher, KM., C.E., Progress Mining Company, Lower California. Ad- 
dress, 108 East Thirty-sixth Street, New York City. 

Robert Ward Van Boskerck, C.K, Artist, studio, 337 Fourth Avenue, New York 
City. 
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Cornelius Read Waterbury, C.E , Engineer and Surveyor. Care of Leonard & 
Company, 150 Broadway, New York City. 

1878. 

WiUiam James Adams, A.B., A.M., E.M. Address, 709 California Street, San 

Francisco, Cal. 
Marcus Benjamin, Ph.B., Editor-in-Chief, American Pharmacist, 72 WiUiam Street, 

New York City ; residence, 43 East Sixty-seventh Street, New York City. 
Charles Edward Blydenburgh, A.B., A.M., E.M., Mining Expert and Prospector, 

Rawlins, Wyo. Ter. 
Robert Elmer Booraem, E.M., 370 Grove Street. Jersey City, N. J. 
George Charles BrinckerhofT, E. M. Care Francke & Co.. Havana, Cuba. 
Willard Parker Butler, E.M. Care of Maitland, Phelps & Co., 22 Exchange Place, 

New York City. House address, Scarsdate, N. Y. 
Alexander Ramsy Cushman, Ph.B., Ph.D., 128 East Sixteenth Street, New York 

City. 
John Woodbridge Davis, C.E., Ph.D., Principal, School of Mines Preparatory 

School, 104 West Forty-second Street, New York City. 
Walter B. Devereux, A.B., A.M., E.M., Superintendent, Takoma Copper Mining 

Company, Globe, Ariz. Address, 219 West Eleventh Street, New York City. 
Isaac Wyman Drummond, E.M., Ph.D., Chemist, F. W. Devoe & Co., 436 West 

Twenty-second Street, New York City. 
Orrien Pinker ton Downing, Ph.B., Drugs, Oakland, Alameda County, Cal. 
Walter Graeme Elliot, E.M., C.E., Ph.D., Elliot & Hooper, Consulting Sanitary 

Engineers, 252 Broadway. House address, 2'o West Forty-second Street, 

New York City. 
Anton Femekes, E.M., Assistant Supt. American Mining and Smelting Company, 

Leadville, Col. 
Harry Leopold Hass, Ph.B., Zucker & Levett Chemical Co., 540 West Sixteenth 

Street, New York City. 
Yothinosuke Hasegawa, E.M., Ph.D., Engineer in Coal Mine. Address University 

of Tokio, Tokio, Japan. 
Henry Albert Hodges, E.M., Chief Clerk, Wm. D. Andrews & Bros., Drive 

Wells, 233 Broadway, New York City. 
Edward Henry Holden, C. E., Surveyor and Civil Engineer, One Hundred and 

Sixty-ninth Street and Boston Avenue, Morrisania, N. Y. 
William Hollis, C.E., Mining Expert, Galveston, Harrisburg & San Antonio 

Railroad, San Antonio, Texas. 
Ellas Mattison Johnson, Ph.D., I. G. Johnson & Co., Malleable Iron, Spuyten 

Duyvil, N. Y. 
Gilbert Henry Johnson, Ph.B., Chemist, I. G. Johnson & Co., Spuyten Duyvil, 

N. Y. 
Corydon Powell Karr, Ph.B., 30 Wadsworth Park, Buffalo, N. Y. 
Benjamin Bowden Lawrence, E.M., Superintendent and Mining Engineer, Monte- 
zuma Mining Co., Montezuma, CoL Address, 238 East Thirteenth Street, 

New York City. 
Frank Lyman, A.M., E.M., Manager Stack Mine, Backbone, Alleghany Co., Va. 
Edward Austin McCulloh, Ph.B., Assbtant Manager Senate Smelling and Mining 

Co. , Galena, Idaho. Address, P. O. Box 2346, New York City. 
Nawokichi Matsui, Ph.D., Instructor in Qualitative Anal3rsis, University of Tokio, 

Tokio, Japan. 
George Barrow Morewood, E.M.,Ph.D., Tea Importer, 34 South Street, New 

York City. 
Gouvemeur William Morris, E.M., Myers, Rutherford & Co., 58 Wall Street, 

New York City. 
Charles Edward Munsell, Ph.B., Milk Inspector, New York Health Department, 

128 Worth Street, New York City. Addre^ Glen Cove, L. I. 
Henry Morgan Murphy, E.M., H. H. Murphy & Co., Varnish Makers, 238 Mc- 

Whorler Street, Newark, N. J. 
Kingo Nambu, E,M., Engineer in Coal Mine. Address, University of Tokio, 

Tokio. Japan. 
Spencer Baird Newberry, E.M., Ph.D., Professor of Chemistry, Agricultural De- 
partment, Cornell University, Ithaca, N. Y. 
James Atkin Noyes, Ph.B. Address, 155 Remsen Street, Brooklyn, N. Y. 
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* Owen Frederick Olmsted, C.E. Died at Albany, N. Y., November 21, i88t. 
Frederick Nash Owen. E.M., Assistant Sanitary Engineer, Board of Health. 

Address, 19 West Fifty-sixth Street, New York City. 
CortUndt Edward Palmer, E.M.. Engineer, North Brother Island Hospital. 

Address, 25 Madison Avenue, New York City. 
Richard Alexander Parker, C.E.. Civil and Mining Engineer, P. O. Box, 28, 

Georgetown, Col. 
Vicente Felix Pazos, E.M., 122 Calle Zavala, Lima, Peru. 
Nelson Williams Perry, E.M. Care of A. B. Clark, San Luis Potosi, Mexico. 
William Strieby, A.B., E.M., Professor of Metallurgy and Assaying, Colorado 

College, Colorado Springs, Col, 
Bailey Willis, E.M., C.E., Assistant Geologist, North Trans-Continental Survey, 

Newport, R. I. 

1879. 

Nathaniel Lord Britton, E.M., Ph. D., Assistant in Geology, School of Mines, 

Columbia College, New York City. 
Leo George Cloud, A.B., E.M., Superintendent Little Chicago Mining Co., 

Kokomo, Summit County. Col. 
Harry Clay Cornwall, E.M., Mining Engineer, Nevadaville, Bald Mountain P.O., 

Gilpin Co., Col. 
Louis Phillipe De Luze, C.E.. 48 Pine Street, New York City. 
George Spencer Eastwick, C.E., Manager of Sugar Refinery, New Orleans, La. 

Address, care of Havemeyer 8c Eaftwick, Jersey City, N. J. 
Louis Francis Haffen, A.M., C.E., Brewer, One Hundred and Fifty-second Street 

and Courtland Avenue, New York City. 
Charles Sumner Harker, E.M., care of Bodie Tunnel Co., Bodie, Cal. 
Nathaniel Hathaway, Ph.B., Private Assistant to Dr. Waller, School of Mines, 

Columbia College. 
Herman Hollerith, E.M., Instructor in Mining Engineering, Massachusetts Insti- 
tute of Technology, Boston, Mass. 
Charles Arthur Hollick, Ph.B., box 128, Port Richmond, S. L 
Isaac Bradley Johnson, E.M., Chemist, Hoosick Malleable Iron Works, Hoosidc 

Falls, N. Y. 
Robert Andrew Johnston, C.E., Assistant Sanitary Engineer, New York Board of 

Health. Address, Scarsdale, N. Y. 
Edward Cabet Koch, E.M., care of Little Annie Minmg Company, 65 Broadway, 

New York City. 
Thomas Haight Leggett, Jr., E.M., Batopilas Silver Mining Co., Batopilas, Chi- 
huahua, Mex. 
Edwin Ludlow, E. M., Mineral R. R. & Mining Co , Shamokin, Pa. 
Charles Wells Marsh, Ph.B., Assistant in Quantitative and Qualitative Chemistry, 

Princeton College, N. J. 
Theophilus Smith Mathis, E.M., Telluride, Ouray Co., Col. 
Ralph Edward Mayer, C.E., Assistant in Drawing, School of Mines, Columbia 

College, New York City. 
Hubert John Merwin, E.M. City address, 668 Hancock Street, Brooklyn. 
George Fanshawe Milliken, E.M., 120 Broadway, Room 27, New York City. 
Otis Mortimer Munroe, Ph.B., Ironton, Iron County, Mo. Address, 102 East 

Forty-fifth Street, New York City. 
Knight Neftel, C.E., Neftel, Churchill & Parks, 39 Broadway, New York City. 
James Nesmith, E.M., 256 Henry Street, Brooklyn, N. Y. 
Charles Milton Noble, E.M., General Foreman Woodstock Iron Works, Annis- 

ton, Ala. 
Robert Dunn Rhodes, E.M., Ontario Mine. Park City (Parley's Park), Utah. 
William Bell Stephen Reed, E.M., E. & B. S. R. R., Elizabeth town, Hardin 

County, Ky. 
Francis Morris Rutherfurd, E.M. Care W. Rutherfurd, 244 East Thirteenth 

Street, New York City. 
Gardner Hutchinson Sheldon. E.M., Corralitos, Chihuahua, Mex. 
George Cameron Stone, Ph.B., Chemist, New Jersey Zinc and Iron Co., Newark, 

N. J. Address, 127 Madison Avenue, New York City. 
Henry Fowler Starr, Ph.B., Chemist, Newark Steel Works. Address, 91 Mount 

Pleasant Avenue, Newark, N. J. 
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•Francis Baretto Stewart, Ph.B. Died of typhoid fever, at Harlem, N. Y., August, 

1879. 
John Richard Suydam, Jr., E.M., 43 East Twenty-second Street, New York City. 
Granville Whittlesey Williams, 388 Clinton Street, Brooklyn, N. Y. 

1880. 

Alfred Lockwood Beet)e, Ph.B., Assistant in Assaying, School of Mines, Columbia 
College. Residence, 58 East Sixty-eighth Street, New York City. 

Frank Parkinson Benjamin, C.E. Address, 31 West Nineteenth Street, New York 
City. 

Frederick Denison Browning, E.M., Engine*;r, Eureka Lake and Yuba Canal Co., 
North San Juan, Nevada Co., California. Address, care Ledoux & Ricketts, 
10 Cedar Street, New York City. 

William Frederic Brugman, Ph.B. 

Nathaniel Butler, E.M. Care Henry Russell & Co., 42 Barclay Street, New York 
City. 

Alfred Daniel Churchill, M.S., Ph.B., E.M., Instructor in Drawing, Sdiool of 
Mines, Columbia College. 

Edwin Perry Clarke, E.M., 340 Clinton Street, Brooklyn, N. Y. 

William Elliott, Ph.B., Chemist, Elliott, Hopke & Mattison, 197 Pearl Street, 
New York City. 

Louis George Engel, E.M., Engineer, with the Brooklyn Sugar Refinery, Brook- 
lyn, N. Y. 

Robert Otto Francke, C.E., travelling in Europe. Address, care Francke & Co., 
Havana, Cuba. 

Herman Garlichs, E.M. Address, 7 New Street, New York City. 

Wilkins Updike Greene, Ph.B., Canada Consolidated Gold Mining Co., Deloro, 
Hastings Co., Ont. Address, 38 South Portland Avenue, Brooklyn, N. Y. 

James Leal Greenleaf, C.E., Assistant in Engineering, School of Mines, Columbia 
College, New York City. 

Albert Peter Hallock, Ph.B., Chemist, N. Y. Gaslight Co. ; residence, 249 East 
Thirty-first Street, New York City. 

Henry Harmon Hendricks, Ph.B., Chemist, Ledoux & Ricketts, 10 Cedar Street, 
New Y^rk ; residence, 512 Fifth Avenue, New York City. 

Louis Mosner Hooper, C.E., Elliot & Hooper, Consultmg Sanitary Engineers, 
252 Broadway, New York City. 

Theodore M. Hopke, Ph.B., Chemist, Elliott, Hopke & Mattison, 197 Pearl 
Street, New York City ; residence, Hasiings-on- Hudson. 

Edward Henry Hudson, C.E., Wholesale Coal Trade, iii Broadway. Residence, 
54 East Fifty-third Street, New York City. 

Frank Klepetko, E.M.. Assist. Supt. Delaware Mine, Keweenaw County, Mich. 

Wheaton Bradish Kunhardt, E.M., returned from Europe. Address, 32 Beaver 
Street, New York City. 

Joseph Godley Mattison, Ph. B., Chemist, Elliot, Hopke & Mattison, 197 Pearl 
Street, New York City. 

Charles August Meissner, Ph.B., Chemist, Briar Hill Iron and Coal Co., Youngs- 
town, O. 

James Haviland Merritt, Ph.B., Chemist, Bradley White Lead Co., Water Street, 
New York ; residence, 184 LefFerts Place, Brooklyn, N. Y. 

Juan Adelberto Navarro, C.E., Student, Germany. Address, 251 West Forty- 
fourth Street, New York City. 

Andrew McClean Parker, E.M., Sonsanate, Salvador, Central America. Address, 
37 William Street, New York City. 

John Randolph Parkes, E.M., Neftel, Churchill & Parkes, 39 Broadway, New 
York City; residence, 113 Penn Street, Brooklyn, N. Y. 

Henry Alvord Robinson, Ph.B. With Robinson & Scribner, 102 Broadway, 
New York ; residence, 19 East Sixty-second Street, New York City. 

Ferdinand Ruttmann, Jr., E.M., Mining Engineer, Tilly Foster Iron Mine, Brew- 
ster's Station, N. Y. 

George Singer, E.M., Wilkinsburg, Alleghany Co., Pa. 
George Hart on Singer, E.M., Singer, Nimmick & Co., Pittsburg, Pa. 
Wallace Augustus Smalley, E. M. , Surveyor and Assayer, Georgetown, N. Mex. 
Maxwell Smith, C.E.. N. Y., W. S. & B. R. R. Address, 121 West Twenty-first 
Street, New York City. 
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Theodore Tonnel6, Ph.B. McKeesport Iron Co., McKeesport, Pa. City address^ 
48 East Sixty-eighth Street, New York City. 

Charles Herbert Torrey, Ph.B., Assistant in Qualitative Analysis, School of 
Mines, Columbia College. Residence, 53 West One Hundred and Twenty- 
eighth Street, New York City. 

Joseph Walker, Jr., C.E., 289 Fifth Avenue, New York. 

Herbert Allen Wheeler, E.M. P. O. Box 1026, New York City. 

1881. 

Charles Alfred Andresen, E.M., with Pickard & Andresen, 8 Gold Street, New 
York City. 

Frederic Theodor Aschman, Ph.B., Chemist, Wheeler Iron Company, P. O. B07 
292, West Middlesex, Mercer County, Pa. 

Chas. Popham Bleecker, E.M., Assayer Alice Gold and Silver Mining Co., Walk- 
erville, Montana. 

Victor Manuel Braschi, Ph.B., Resident Graduate; candidate for degrees of E.M. 
and Ph.D. Address, 250 West Twenty- fourth Street, New York City. 

Edward Renshaw Bush, E.M. ; with E. E. Olcott, Sonora, Mex. Address, care 
J. A. Bush, 54 Wall Street, New York City. 

Phillip Edward Chazal, E.M., Analytical Chemist, 46 Meeting Street, Charleston, 
S. C. 

Albert Ladd Colby, Ph.B., Inspector, State Board of Health. Address, School of 
Mines, New York City. 

Edward Moorhouse Douglass, C E. Address, North Adams, Mass. 

Edward Kellogg Dunham, Ph.B., Student in Medicine, Harvard University. Ad- 
dress, 5 Holyoke, Cambridge, Mass. 

Arthur Henry Elliott, Ph.B., Assistant in Chemistry, College Physicians and Sur- 
geons; also candidate for Ph.D., School of Mines. Address, School of Mines, 
New York City. 

Howard Van Fleet Furman, E.M., C^rmania Works, Salt Lake City, Utah. 

William Tudor Griswold, C. E. , Sinalo and Durango Railroad, Culiacan. Mex. 

Frederick Adolph Hemmer, Jr., Ph.B., returned from Europe. Address, East 
Morrisania, New York City. 

Chas. Breck Judd, E.M., United States Deputy Surveyor, Tombstone, N. Mex. 

Daniel James Leary, C.E. Address, 138 Keap Street, Brooklyn, N. Y. 

Clement Le Boutillier, Ph.B. Address, 50 East Twenty-fifth Street, New York 
City. 

Augustus Damon Ledoux, Ph.B., with Ledoux & Ricketts, 10 Cedar Street, New 
York City. 

Willard Parker Little, E.M., Resident Graduate, Course in Architecture. Address, 
60 West Fortieth Street, New York City. 

Walter Monfort Meserole, C E., N. Y., W. S. & B. R. R., CatskUl, N. Y. 
Address, 590 Lorimer Street, Brooklyn, N. Y. 

Percy Neyman, Ph.B., Resident Graduate. Address, care E, H. Neyman, 97 
Maiden Lane, New York City. 

Michael Joseph O'Connor, E.M. Address, 42 West Twenty-eighth Street, New 
York City. 

Thomas Devlin O'Connor, Ph.B. Address, 42 West Twenty-eighth Street, New 
York City. 

Lucius Pitkin, Ph.B., Chemist, Laurel Hill Chemical Works, Penny Bridge, L. I. 

George Sharp Raymer, E.M., Denver, Col. Address, 63 Seventh Avenue, Brook- 
lyn, N. Y. 

William Thomas Richmond, Ph.B., Chemist, Trans-continental Geological Survey, 
Newport, R. I. 

Arthur Carr Roberts, E.M., Sinalo and Durango Railroad, Culiacan, Mexico. 

Chas. Pike Sawyer, Ph.B. Address, 12 Gramercy Park, New York City. 

William Waldemar Share, Ph.B., Assistant in Physics, Columbia College. Ad- 
dress, 336 Navy Street, Brooklyn, N. Y. 

Chandler Dannat Starr, C.E., Resident Engineer, E. R. R. R. Co., Falls Mills, 
Tazewell County, Va. Address, 103 East Sixteenth Street, New York City. 

Thomas Beale Stearns, E.M., Agent for Colorado Iron Co., 115 Liberty Street, 
New York Citv. 

Alfred Ernest Swain, E.M., Sinalo and Durango Railroad, Culiacan, Mex. Ad- 
dress, via San Francisco, Cal., and Mazatlan. 
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Edgar Granger Tuttle, E.M., 92 Prospect Place, Brooklyn, N. Y. 

Alvan Howard Van Sinderen, Ph.K., Student, Columbia Law Schooi. Address, 

178 Columbia Heights, Brooklyn, N. Y. 
Herman Theodore Vult^, Ph. B. , Superintendent Columbia Chemical Works, 66 

Water Street, Brooklyn, N. Y. 
Ferdinand G. Wiechmann, Ph.D.; student at Berlin. Address, care of E. G. 

Wiechmann. 458 Broadway, New York City. 
William Fish Williams, C.E., E.M. Address, Wethersfield, Conn. 
Herbert M. Wilson, C.E., Topographer, U. S. Geological Survey, Fort Wingatc 

New Mexico. Address, 26 Vesey Street, New York City. 

1882. 

Albert Caiman, Ph.B., Student in Germany; care of Carlsbach & Cahn, Mayence 

a. R., Germany. 
Thomas Peters Conant, E.M., with Thomas A. Edison. Address, care of Harper 

Bros., New York City. 
William Hamilton Cooper, Ph,B., Constructing Engineer, with A. F. Wendt. 

Residence, 95 Mercer Street, Jersey City, N. J. 
Francis Bacon Crocker, E.M., Curtis & Crocker, 14b Nassau Street. House ad- 
dress, S4 West Twenty.first Street, New York City. 
Oscar Vincent Dougherty, Ph.B., with A. Dougherty, 80 Centre Street, New York. 

Address, 138 Columbia Heights, Brooklyn, N. Y. 
Stancliff Bazen Downes, C.E., 719 Lexington Avenue, New York City. 
William Fletcher Downs, E.M., Chemist Dixon Crucible Co., Jersey City, New 

Jersey. 
Anton Frederick Emrich, M. E., Tombstone Mill and Mining Co., l^ombstone, 

Arizona. 
David Beauregard Falk, C.E. Address, care Falk, Hirsch & Co., Charleston, 

S. C. 
Henry Feuchtwanger, Ph. B. Address, 64 East Sixty-fifth Street, New York City. 
Charles Lincoln Fitch, E.M. Fitch & Thomas, Engineers, Ishpeming, Mich. 
Charles Buxton Going, Ph. B. , Chemist, Cincinnati Desiccating Company, Cincinnati, 

Ohio. Address, Glendale, Ohio. 
William Hill, C.E., with Collins Co., P. O. Box 196, CoUinsville, Conn. 
William Charles lUig, E.M., Tilly Foster Iron Mine, Brewsters, N. Y. 
Cavalier Hargrave Joiiet, Ph.B., Chemist, Ledoux & Ricketts, 10 Cedar Street, 

New York City. 
Alfred Joseph Moses, E.M., Assistant in Mineralogy, School of Mines, Columbia 

Collie, New York City. 
Edward Austin Oothout, E.M., with James Renwick, Architect, 416 Broad Street, 

New York City. 
William Stevens Page, E.M., Georgetown, Colorado. 
William Barclay Parsons, Jr., A.B., C.E., Erie R. R., Port Jervis, N. Y. 
Clarence Quintard Payne, E.M., Chemist, Theall Iron Mine, Brewsters, N. Y. 
John Bonsall Porter, E.M., licensed Instructor in Metallurgy, Cincinnati Uni- 
versity. Address, Glendale, Ohio. 
Cornelius Van Vorst Powers, Ph.B. Address, 22 West Forty-eighth Street, New 

York City. 
Ferdinand Sands, Ph.B., Chemist, New Jersey Zinc Works, Newark, N. J. 
Willard Adams Shumway, E.M., U. S. Geological Survey, Washington, D. C. 
William Field Staunton, Jr., E.M., with Ledoux & Ricketts, 10 Cedar Street, New 

York City. 
Nathaniel Strange Stockwell, E.M., Chemist, Engineer, Calumet Iron and Steel 

Co., Chicago. Address, Cummings, Cook Co., III. 
Donald Butler Toucy, E.M., Student at Columbia Law School. Address, 57 West 

Fifty-third Street, New York City. 
Frank Weiss Traphacren, Ph.B., Post-Graduate, School of Mines, Columbia Col- 
lege, New York City. 
Rudolph Harrison Voudv, E.M., Tilly Foster Iron Mine, Brewster's, N. Y. 
John Howard Wainwright, Ph.B. Address, Rye, Westchester County, N. Y. 
Albert George Wanier, Ph.B. Address, 437 Eighth Avenue, New York City. 
Norbert Reillieox Ward, E.M. Address, 167 West Forty-ninth Street, New York 

City. 
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William Scherf White, E.M., Oty Surveyor, 79 and 81 Cedar Street, New Yoik 
City. 

William Alexander Wilson, E.M., Salt Lake City, Utah. 

Charles August Wittmack, M.S., Ph.B., Student, Prof. Baeyer»s Laboratory. 
Address, 40 Shilling St. III., Miinchen, Germany. 

Edward Leavitt Young, E.M., with Ledouz & Ricketts, 10 Cedar Street. Resi- 
dence, 1 14 East Seventy-fourth Street, New York City. 



ENUMERATION. 



Class of 1867 13 



1868. 
1869. 
1870. 
1871. 
1873. 
1873. 
1874. 
1875. 



Chiss of 1 876 26 

31 

40 

:::;::::;:::::: t 



20 


" 1877 


II 


" 1878 


9 


" 1879 


7 


" 1880 


«► 


•• 1881 


5 


*• 1882 


9 
20 


Total nu 



Total number of graduates .... 337 



Known to be deceased. 

Class of 1868 Archibald MacMartin. 

** 1869 Thomas Monahan Blossom. 

" 1869 Henry Newton. 

** 1872 Frank B. Jenney. 

<* 1875 Robert S. Lamson. 

** 1877 Henry G. Clark. 

" 1877 James R. Priest. 

** 1878 Owen F. Olmsted. 

♦« 1879 Francis B. Stewart. 

Total 9 

Number of graduates living 328 



Degrees eonf erred to date* 



E.M.. 
C.E... 
Ph.B.. 
Ph.D. 



218 
83 



Total 404 

Deduct for repetitions 67 



The list is correct to January 25, 1882. 

P. DE P. RICKETTS, 
Secretary Alumni Associathm, 
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FRASER & CHALMERS' 
1 






OF Till-: MOST APl»ROVKI> WESTERN l»A'rrERNS. 



COMPLETE GOLD AND SILVER MILLS. 

CONCENTRATION WORKS OF BEST GERMAN DESIGNS. 

SMELTING FURNACES, Lead or Copper. 80 of our make in use. 

CORNISH MINING PUMPS, of all sizes. 

HOISTING ENGINES from 4-.horse power up to largest direct 

acting, for 3,000 feet depth. 
LEACHING MILLS. SAMPLING WORKS. 
HOWELL, WHITE, STETEFELDT & BRUCKNER ROASTING 

FURNACES. 
HALLIDIE WIRE ROPE TRAMWAYS. COMET ORE CRUSHER, 

Capacity up to 50 tons an hour. 
ENGINES AND BOILERS of all sizes. 
CORLISS ENGINES, and CORLISS COMPOUND ENGINES, 

Etc., Etc. 

We make notliing but Mining and Milling Machimery. 

Works : New York Office : Colorado Office : Montana Office : 

FhIUi ai4 Ud1«d Sts., i Wall Street, 25 CheesaaD Bltf k, Chaabers Bl«ek, 

CJilCAOO, ILL. NEW YORK. DENVER. BUTTE CITY. 



THE FRUE VANNING MACHINE, or ORE CONCENTRATOR. 




The most perfect modern appliance for treatment of Slimes of Concentration 
Works, and finely crushed material direct from Stamps or Pulverizers. Successfully 
used on ores of lead, zinc, copper, tin, antimony; ores of grey copper, brittle and 
ruby silver and tellurides treated with best commercial results. Especially adapted 
to low grade silver ores and gold mill tailings. 

OVER 140 IN USE IN CALIFORNIA ALONE. 
DKSCRII^'riVB: J^AIMPHI^KX OIST Al^FJ^lCA^riOlSr. 



MAKERS : 

PRISEK k CHALMERS, 

Union and Pulton Sts., 

CbtcagiL 111. 



WESTERN AGENTS : 

\UM k CARTER. 

109 California St., 

San Francisco, Cai. 

♦ 



COLORADO AGENT : 

L. C. TRENT. 

45 Cheesman Block, 

DeflTer. 



2 WALL STREET, NEW YORK CITY. 
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CHARLIER INSTITUTE, 

BOARDING AND DAY SCHOOL 

For Boys and Young Gentlemen, from 1 io 20 years old. 
108 ^VEST 59th street, 

ON CENTRAL PARK. 
— «'^« . 

The Advantages Claimed for this School are : 

1. A new building, 200x54, erected purposely, with as perfect 

ventilation, drainage, and accommodations as science can 
make them to day. 

2. Gymnasium, 50x50x26. Chapel of same size. Central Park 

for play ground. 

3. An experience of THIRTY YEARS. 

4. Experienced Teachers, college graduates, mostly New England 

men, devoting all their time to instruction, untramelled by 
business cares, and preparing pupils thoroughly for COL- 
LEGE, BUSINESS, WEST POINT, NAVAL ACADEMY,. 
or any SCIENTIFIC SCHOOL. 

5. Modern] Languages, French, German and Spanish, are taught 

by native teachers, and spoken with them. 

For details, terms, etc.^ send for a prospectus of the school. 



Prof. ELIE CHARLIER, Director and Owner 
E. STAGEY CHARLIER, Ass't Principal 
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EDITORS, 

For the Alumni Association. 

Henry S. Munroe, E,M., Ph.D., '69. Elwyn Waller, Ph.D., 'yo. 

Pierre de Peyster Ricketts, E.M., Ph.D., '71. 

For the Engineering Society, 

Robert Peele, Jr., '83. Fred. Powell, '83. W. F. Morgan, '84. 

For the Chemical Society, 
W. H. Weed, '83. C F. McKenna, '83. W. W. Burritt, '84. 

Publication Committee. 
H. S. Munroe. F. Powell. W. H. Weed. 



Original Articles. — Elach number will contain original articles by 
students, graduates, and instructors or professors of the School of Mines. 

The Professional Notes, as heretofore, will contain brief notes of new 
ideas, new methods, and recent discoveries, in the different departments 
of Engineering, Chemistry Metallurgy and Geoloey. Each subject will 
be under the supervision of a specialist, ensuring u-eshness and value to 
the notes. Contributions to this department are solicited from those 
engaged in practical operations in the field, laboratory or works. 

Graduate Department — Each number will contain a complete list of 
the graduates, with addresses and occupations, corrected to date of issue. 
It will contain also records of the meetings of the Alumni, personal 
notes, etc. 

The Quarterly is the official organ of the Alumni Association ^nd 
of the Chemical and Engineering Societies, and as such should have the 
support and co-operation of every graduate and student of the School. 
All are therefore invited to send, at any time, items of interest for the 
different departments, and to contribute original papers. 

Subscription price, two dollars per year, or fifty cents per number. 
Send money by check, registered letter or postal ox^^x payable to order of 

Robert Peele, Jr., Treasurer. 

Address all Communications 

SCHOOL OF MINES QUARTERLY, 

49th Street, cor. 4th Avenue, New York, N. Y. 



SCHOOL OF MINES PREPARATORY SCHOOL, 

104 West 42cl Street, 
J. WOODBRIDGE DAVIS, C.E., Ph.D., Principal. 

Author of mathematical works used in numerous Colleges ; with complete corps of 
skilled assistants in languages, history, etc. Seventh year of principal's experience 
without a single failure. Students guaranteed admission to any college. 

College Matriculates assisted in their studies. 

Special Conrses in the higher Pare and Applied Hatbematlos for Engineers, 
College Graduates, and Students of Mechanics, Physics, etc. 

vr call or send for circular, ^a 
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ON THE PHYSICAL CONDITIONS UNDER WHICH 
COAL WAS FORMED. 

By Prof. J. S. NEWBERRY. 

The mode of formation of coal has been much discussed, 
and various theories have been promulgated in regard to it ; 
but the peat bog theory, as it is called, has been generally 
accepted. This is the view that coal is the residual hydro- 
carbon of plants which have grown where their remains are 
found, and that it has been formed precisely as peat accumu- 
lates in marshes at the present day. 

So great has been the harmony of opinion on this subject, 
that it would at first sight appear unnecessary to renew dis- 
cussion on a question that has seemed to be definitely and per- 
manently settled. The calm of geological opinion which has 
prevailed on the coal question has, however, been recently 
disturbed by a very voluminous and painstaking discussion of 
the mode of the formation of coal by M. Grand Eury, which 
occupies nearly three hundred pages in the **Annales des 
Mines'* for the year 1882. In this discussion the theory is 
. advocated that the carbonaceous matter forming beds of coal 
has been derived from plants, but plants transported from their 
places of growth and deposited at a greater or less distance in 
the bottom of water basins. 

We have reports also, from time to time, of a system of 
experiments and observations made by M. Fayol, at Com- 
mentry, in the Department d'AUier, in Central France, from 
13 



Digitized by 



Google 



I70 THE QUARTERLY, 

which he draws the same inference, and it is apparent that a 
formidable attack has been made, all along the line, upon the 
peat bog theory. 

For this reason, and in order that geological truth shall be 
maintained, I venture to report some facts which I have myself 
observed in the coal fields of the Mississippi Valley, and which, 
in my judgment, are incompatible with the conclusions of 
MM. Grand Eury and Fayol. 

The opinions presented in the discussion of the chemical 
and physical history of coal, have been based upon two classes 
of facts, viz.: (i) those gathered from the study in the field of 
the structure and relations of the coal beds, and (2) those ob- 
tained from chemical and physical experiments conducted in 
the laboratory. Now, while there is no doubt that such ex- 
periments have contributed much to our understanding of the 
subject, it is obvious that they have misled observers, through 
the impossibility of imitating by artificial means the grand 
processes of Nature. She has, in many instances, left a full and 
faithful record of her work, but the same difficulties attend the 
disinterment and translation of this buried record that have 
been encountered by the students of archaeology in their efforts 
to trace the early history of mankind. Necessarily this is a 
work of time, and much study is required for the acquisition 
of a full and accurate knowledge of the language in which it 
is written, and for the gradual accumulation of the large num- 
ber of facts required. Yet I claim that so much of Nature's 
record of the processes pursued in the formation of coal has 
been submitted to our observation, and this record is so clear, 
that the truth is within our reach ; and further, that this truth 
is discordant with the results obtained in artificial experimen- 
tation, and therefore proves such results fallacious. 

In the present communication nothing like a full discussion 
of the arguments pro and con will be attempted, since the 
time at my command will permit me to cite only a few of 
many facts, and to very briefly read their meaning. 

For the present, I will confine myself to some of the phe- 
nomena presented by one of the Ohio coal beds, with which I 
am specially familiar. This is our ** Coal No. i," the lowest 
of the series, sometimes called the Brier Hill coal. As this 
seam has furnished a fuel of exceptional purity, such as could 
be used in the raw state for the smelting of iron, and lies 
nearer to the navigable waters of Lake Erie than any other, it 
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has been very extensively worked. The result of this working 
has been to show that the coal is confined to a small part of 
the area it was once supposed to cover, and that it lies in a 
series of narrow troughs or basins, which were evidently once 
peat marshes, occupying local depressions in the then existing 
surface. A large number of these detached coal deposits 
have been now completely worked out, and the phenomena 
they present fully exposed to view. Among these phenomena 
I may cite : 

First. — Below the coal a fire-clay penetrated in every direc- 
tion with roots and rootlets of Lepidodendron, Sigillaria^ etc. 

Second, — A coal-seam having a maximum thickness of six 
feet in the bottom of the basins, thinning out to feather- edges 
on the sides, and containing only two to three per cent, of ash. 

Third, — ^The coal on the margins of a basin rising some- 
times thirty or forty feet above its place on the bottom. 

Fourth, — A roof composed of argillaceous shale, of which 
the lower layers, a few inches in thickness, are crowded with 
the impressions of plants, among which are interlocked pros- 
trate trunks of Lepidodendra and Sigillaria, traceable from 
root to summit, often carrying foliage and fruit, the fronds of 
ferns — sometimes ten or fifteen feet in length, complete and 
smoothly spread — Calamites, Cordaites^ etc. 

Fifth, — In many places the roof marked with circles one 
to two feet in diameter, called by the miners pot bottoms. 
These are sections of the bases of the upright trunks of Sigil- 
I aria or Lepidodendrotty which nsQ perpendicularly ^ sometimes 
many feet, into the overlying shales. They consist of hollow 
cylinders of coal, perhaps a half inch in thickness, the interiors 
of which are filled in with shale laminated horizontally, and 
sometimes containing remains of plants and animals which 
must have been introduced when they were hollow stumps 
standing where they grew. 

Sixth, — In certain circumscribed areas part of the coal 
seam is cannel, bituminous shale, or black band iron ore ; and 
in all cases of this kind the cannel, shale, and black band con- 
tain the remains of aquatic animals, Crustacea, fishes, or mol- 
luskis ; the normal or cubical coal never including anything of 
the kind. 

Seventh, — The boundaries and bottoms of the channels and 
basins which hold the coal are composed of the Waverly shales, 
or the Carboniferous conglomerate. 
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Eighth, — The normal or cubical coal laminated by alternate 
layers of a bright, black, pitchy substance, and those which 
are dead black, non-caking, and composed largely of mineral 
charcoal. The cannel and black band containing more earthy 
matter and not laminated. 

From these facts I translate the following history, which I 
am sure will be accepted as true by every geologist who has 
had sufficient experience in field work to make his judgment of 
such phenomena trustworthy. 

I. At the beginning of the formation of the Coal measures, 
Northeastern Ohio was a land surface underlain by the Waverly 
shales, or beds of gravel, now the Conglomerate. This surface 
was furrowed by the valleys of streams and pitted by local 
basins similar to those which mark the present surface. 

II. With a sIqw subsidence, which continued with interrup- 
tions throughout the Coal-measure epoch, the drainage was 
checked and lakes and marshes were formed in the depressions 
of the surface. In these basins a fine sediment was deposited 
— the * ' fire clay " — like the clay now found under some of our 
peat beds. When overgrown with vegetation the roots of 
plants, penetrating this silt, drew out of it iron, potash, soda, 
etc., leaving it nearly pure silicate of alumina and specially 
refractory, whence its use and name. 

III. The marshes and lakes were ultimately filled with peat, 
which rose to a general level, near the water-line, and was 
sometimes thirty or forty feet deep in the deepest parts of the 
basins. 

IV. In places water basins remained such through a con- 
siderable portion of the time occupied in the accumulation of 
the peat, and sluggish streams flowed through the marshes, 
connecting these basins, and transporting to them fine me- 
chanical sediment, iron, etc., which, mingling with completely 
macerated vegetable tissue, formed cannel coal, black band 
iron ore, and bituminous shale. After a time these basins also 
were filled with peat growing from the margins, just as our lake 
lets are now filled and converted into peat marshes. 

V. After ages had passed with the physical conditions 
described, a subsidence caused a submergence of the peat 
marshes, which first resulted in the destruction of the genera- 
tion of growing plants which covered them. These dropped in 
succession leaves, twigs, and branches, and finally most of the 
tree-trunks also fell. Some, however, continued longer to 
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maintain an upright position, while the fine argillaceous sedi- 
ment suspended in the water was slowly deposited to form the 
roof shale, of which the lower layers are charged with the 
debris of the plants growing on the marsh, the upper layers, 
deposited when these were all buried, nearly barren of fossils. 

VI. The weight of the superincumbent mass pressed down 
the bed of peat, which, consolidated by that process and un- 
dergoing internal chemical changes, ultimately became a bed 
of coal, thickest in the deepest part of each basin, thinning and 
rising on each side up to its edge, which remained to mark the 
original level of the surface of the peat marsh. 

VII. The laminated structure of the normal coal is appar 
ently due to seasonal or secular variations in the conditions 
under which it was formed ; variations likely to occur in a 
marsh accumulation, hardly possible in a lake deposit. Wet 
seasons, by producing more surface water and more complete 
preservation of the softer tissues of the marsh vegetation, 
would promote the formation of the pitchy layers, richer in 
hydrogen. Dry seasons or cycles may be credited with the 
formation of the sheets of woody tissue and mineral charcoal, 
the result of partial oxidation through longer exposure to the 
air. 

The homogeneity and more abundant ash of the cannel and 
black band are the natural consequences of their deposition as 
carbonaceous mud at the bottom of water which carried some 
earthy matter of foreign origin. 

The presence of the remains of fishes, Crustacea, and mol- 
lusks in cannel and black band is sufficient evidence of their 
aquatic origin ; their complete absence from the cubical coal 
is an equally good argument in favor of its sub-aerial origin. 

I have elsewhere discussed the mode of formation of cannel 
coal, and as the facts there cited have a bearing on the ques- 
tion now raised, I would refer the reader for a fuller presenta- 
tion of these facts to the American Journal of Science^ second 
series, vol. xxiii., 1857, p. 212 ; and to the Geological Sur- 
vey of Ohio, vol. ii., Geology^ p. 125. 
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OZONE REACTIONS. 

Charts of Four Months' Observations on Staten 
Island, in i88i. 

By L. p. GRATACAP, '76, 

During the months of April, May, June, and July, 1881, the 
writer made daily observations, every twelve hours, of the so- 
called ozone reactions with tests prepared from iodide of potas- 
sium and starch, and others with thallious hydrate, which was 
at that time strenuously recommended to the attention of 
meteorologists by Schone. The condition of the weather was 
also noted at the same time, and from these data the tables 
here given were compiled, the lines representing degrees of 
intensity in the coloration of the tests ; the bottom, middle, 
and top of the entire bar was used as an artificial record of the 
the weather, as being clear, threatening, or stormy, respec- 
tively, and the lines during June and July for degrees of atmos- 
pheric moisture. 

Five grammes of thallium were finely divided and exposed 
in a steam bath to warm currents of air, the oxydized and 
tarnished grains were then boiled in 100 c. c. of distilled water, 
the thallious hydrate thus obtained in solution filtered off, and 
the process repeated until about two grammes of thallium as 
hydrate were obtained in solution in 150 c.c. of fluid, which 
formed the reagent used in the experiments. The bibulous 
papers used were dipped in this solution before each exposure, 
slowly dried, and exposed. 

The coloration of these thallious hydrate papers is far less 
striking than with the iodide of potassium and starch papers, 
and except after long exposures (twenty-four, thirty-six, and 
forty-eight hours), the colors are faint and misleading. How- 
ever, to facilitate some exact comparison betvVeen the tests for 
every twelve hours, the thallious hydrate papers were carefully 
examined, and two decisive tints and five intermediate shades 
were prepared, with which the papers were compared. 

The curve of relative moisture or humidity was determined 
from observations of the wet and dry bulb during June and 
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July, its determination being of some interest, as the atmos- 
pheric moisture affects the tests with iodide of potassium, and 
is supposed not to affect those with thallious hydrate. 

Practically it would appear that a very large number of the 
influences that are reported to interfere with the legitimate re- 
actions to be ascribed solely to ozone are inappreciable, and, 
under favorable circumstances, absent. The list of those 
bodies which are regarded as present in the atmosphere, and 
which are assigned varying rdles in their disturbing action upon 
the tests, is formidable enough, and would deter the most en- 
thusiastic experimenter from attempting to measure the in- 
tensity of a fluid whose existence in the air is suppositional, 
and whose presence is haunted by an indeterminate retinue of 
obstructive associates. As stated by Fox, they reach the be- 
wildering number of twenty, i.e.^ 



1. Light. 

2. Peroxide of Hydrogen. 

3. Carbonic Acid. 

4. Sulphuric Acid. 

5. Sulphurous Acid. 

6. Sulphates. 

7. Sulphuretted Hydrogen. 

8. Iodine. 

9. Bromine. 
10. Nitric Acid. 



11. Nitrous Acid. 

12. Nitrates. 

13. Nitrites. 

14. Essential Oils. 

15. Formic Acid. 

16. Dust. 

17. Chlorine. 

18. Hydrochloric Acid. 

19. Chlorides. 

20. Ammonia. 



To this menacing catalogue may be added the perplexing 
behavior of atmospheric moisture, which facilitates the conver- 
sion of the iodide of potassium into the iodate and the conse- 
quent bleaching of the tests, and also by evaporation removes 
the free iodine with the same result. Without entering into a 
discussion of each member of the list given above, it has been 
pretty conclusively proven that a large number are not present 
to any perceptible extent in the atmosphere, and that a num- 
ber may be avoided in country regions where the products of 
coal combustion or manufacturing processes are largely absent ; 
while a remaining number can be avoided or their effects di- 
minished by care and mechanical adjustments. These being 
subtracted, there incontestably remain p'eroxide of hydrogen 
and nitrogen compounds, and the influence of moisture. The 
thallious hydrate has been recently advocated by Schone as 
free from the disturbances caused by moisture, and though 
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attacked by carbonic anhydride, this may be averted by the 
use of lime. Thallious hydrate is stable also in a nitrous 
atmosphere. Whether we regard the colorations of the test 
due to any one of the above three bodies (peroxide of hydro- 
gen, nitrous acid, and ozone), or to all three in ever-varying 
proportions, their combined effect is purgative and cleansing, 
and the interest attaching to a record of the kind offered is 
impaired but not destroyed. 

The charts contain, however, a comparative showing of 
some value of the reactions noticed upon iodide of potassium 
and starch papers, and those of thallious hydrate, which in the 
main does not corroborate Schone's statement that they very 
usually contradict each other. Such contradictions exist, but 
the impression left on inspection of the charts is on the whole 
that of uniformity, though the intensity of the reactions is strik- 
ingly different almost throughout. This correspondence was 
more general during April and May than in June and July. 

The special point of impeachment of the value of the iodide 
of potassium and starch papers made by Schone was their 
hygroscopic character, which virtually prevented their being 
used at all with the least certainty. Thus they indicated less 
ozone in an atmosphere of dry ozone, than they did in a moist 
atmosphere, which contained only a slight admixture of that 
body. A certain quantity of moisture, it may be insisted, is 
necessary for the reaction at all, and the question arises whether 
the increase of moisture in the atmosphere beyond the point 
necessary to produce such a reaction exaggerates the normal 
coloration. The chart for June and July, in which the curve of 
relative humidity is given, does show that the rising curve of 
the latter usually is responded to by elevations in the line 
of coloration of the iodide of potassium and starch ; but this 
correspondence occurs at points where the weather curve indi- 
cates storms or disturbed weather, periods accompanied by in- 
creased manifestations of ozone (?); nor are the exemptions from 
such perturbations in the thallious hydrate curve less marked. 
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THE PRESENT ASPECT OF ORE-DRESSING IN 

EUROPE. 

By W. B. KUNHARDT, E.M., '80. 

A VISIT to the ore-dressing establishments of Europe, and 
a comparison of their several methods of working, discloses 
the great development which the mechanical treatment of ores 
has undergone during the past few years. Some of the works 
have remained almost unaltered since the date of their erec- 
tion, twenty years ago ; others have been enlarged or modi- 
fied in accordance with advanced ideas, and sometimes exhibit 
the old and the new side by side ; and others again have but 
recently been erected, and embody many of the improvements 
derived from experience. To note the .advances that have 
been made in ore-dressing may be of interest to some, and 
would certainly possess practical value if suggesting the direc- 
tion in which further improvements will be sought. Most 
conducive to this object would be a study of the schemes of 
ore-treatment that have been developed in the various mills ; 
but this method, unless thoroughly carried out — a proceeding 
which would far exceed the limits of one paper — can lead to 
no useful results ; any scheme or synopsis of an ore-treatment, 
unaccompanied by accounts of the nature of the ore, of local 
conditions, of the disposition of the products, and of many 
small, yet influencing details, will always prove very unsatis- 
factory. Remarks of a general nature have therefore been 
preferred, and these (restricted so as not to embrace the sub- 
ject of coal-washing) present a digest of matter that has been 
gathered in the foreign mills through the kindly courtesy of 
their owners and managers. 

Before entering upon the subject, however, a few introduc- 
tory words may not be considered out of place. Most ore 
masses require crushing to unlock or set free their constituent 
minerals. The richer pieces of crushed material may bear the 
cost of hand treatment, by which the precious " mineral " is 
completely separated from barren ** gangue," but the great 
bulk of ore must always be treated by less costly, though 
more complicated mechanical means, in order to separate its 
different minerals. Such separations can be effected in most 
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ores of ordinary quality, when reduced to small pieces, by the 
successive operations of sizing and sorting. Sorting is usually 
a separation of equal falling grains from those moving with a 
different velocity in the rising current of a fluid medium. 
When the fluid is air, the dressing process is said to be 
** dry ;** when it is water, the process is ** wet,*' and it is the 
wet process which is used in the great majority of cases. The 
falling velocity under these circumstances depends upon the 
size of the grain, and upon its specific gravity. If the ore be 
classified by screening into a number of sizes, with a view 
that the smallest grain of the heavier mineral shall fall faster 
than the largest grain of the lighter mineral, then in the sub- 
sequent sorting of each class of such sized material, the specific 
gravities of the grains of different minerals will determine 
their separation. When, however, sorting precedes sizing, 
then the equal falling sorted grains will be of different sizes — 
the specifically lightest mineral being in the condition of the lar- 
gest particles, and consequently a sizing of such sorted mate- 
rial must result in a separation of the different minerals. Ores 
ol small nut y pea, and sand sizes,* from \)^ to tj^ of an inch in 
diameter, are treated first by sizing and then by sorting. The 
sorting apparatus most commonly used is a ** jig," which con- 
sists essentially of a sieve set into a box and immersed in the 
fluid separating medium. Ore is charged upon the sieve, and 
is subjected to quick alternations of short rises and falls, due 
to an up and down motion of the sieve, or imparted by the 
flux and reflux of currents of water or air forced through a 
fixed sieve by a reciprocating piston or a bellows. The effect 
of this ''jigging*' is to bed the ore in layers of different spe- 
cific gravities. 

The order of operations is usually reversed in treating ore 
that is less than ^^ or ^ inch in size. As a rule such fine mate- 
rial is first sorted by a continuous upward or a nearly horizontal 
current of water or air ; the heavier particles, large and small, 
fall through the current, while the lighter ones are seized and 
borne off by it. Following upon this classification may come a 
separation by jigging, with a sizing action in this case to be 
explained further on, or the classified slimes are subjected tea 
species of sizing on inclined surfaces by which the larger parti- 
cles, those that roll the better or that are easily acted upon by a 

* **iV>//," **/^a," "jtf«^,** and **meal*^ are used in this article to designate 
definite sizes. See Quarterly, vol. ii., p. 216. 
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thin sheet of flowing water, become separated from the smaller 
(and now, after sorting, the specifically heavier) stuff, which ad- 
heres closely to the surface of the washing apparatus, and is 
but slightly affected by a gentle, shallow flow of water, be- 
cause the force of the current very near the surface of the 
" washing-table '* or " buddle ** is diminished by friction. The 
separation of the different minerals of fine, sorted ore by 
this wet sizing, has received the name of "slime-washing.** 
The action in washing, however, is always complicated ; the 
ore particles are acted upon by a variety of forces, not as yet 
thoroughly analyzed, and the efficiency of the process cannot 
be considered satisfactory. 

In reviewing foreign dressing practice, the order adopted 
is that usually followed in describing dressing operations. 

Underground Separation. — A hand separation of ore from 
easily distinguishable barren rock is always undertaken in 
the mines, and it is not uncommon practice to select, un- 
derground, pure galena ore and to hoist it separately so as 
to minimize losses of ** mineral,** due to attrition and hand- 
ling. The miner receives a slight premium for this rich soft 
ore, but not sufficient to tempt him to devote any of his time 
to spalling or true dressing of the material. Sizing is seldom 
performed underground, yet it is sometimes carried out, and 
notably in very deep mines, as, for example, at Przibram,' in 
Bohemia. There ore has to be hoisted from many levels, but 
the mode of extraction that has been adopted — the system of 
counter-balancing the ascending cage by the descending one — 
does not permit of hoisting first from one level and the chang- 
ing at pleasure to any other ; the ore is therefore stored on 
the different levels awaiting its turn to be hoisted. Masonry 
bins near the hoisting-shaft are used for this purpose. In 
dumping the ore into the bins no additional labor is caused by 
having these covered with inclined grates, which perform the 
first sizing ; two ore-classes are produced and accumulated in 
separate compartments of the bins. 

General Size Classification. — The first general sizing is 
usually carried out as the ore comes from the mines and is 
tipped upon grates with 64 to 70 mm. (2| inch) — and less fre- 
quently 90 mm. — openings. What falls through the grates, 
the •* mine stuff,** or ** fine mine ore," goes at once to further 

' Description of Ore-Dressing at Przibram. Transactions of American Institute 
of Mining Engineers, 1881, vol. ix., p. 420. 
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treatment; the *' lump-ore/* that portion which passes over 
the grates, in pieces rarely larger than head-size, might be 
broken up and then rejoin the fine ore to pursue with it a com- 
mon course. An advantage, however, is frequently found in 
keeping these two classes of ore separated to the very end, for 
their characters may present marked differences. The fine 
mine-ore is that which has broken into small pieces in mining 
and subsequent handling ; it is apt to be more friable and 
richer than the lump-ore, and to carry much of the coarsely 
divided mineral. It contains but few coarse pieces of totally 
barren rock, and its gangue is largely composed of vein mat- 
ter. The lump-ore, on the other hand, is frequently the 
tougher; it includes, as a rule, most of the "country rock" 
that is mixed with the ore proper, and generally carries, after 
crushing, much barren rock of nut sizes. It is sometimes 
noticeable that each class of material shows the preponder- 
ance of a different set of the constituent minerals in the ore. 
These points of difference are sufficient to influence all the dress- 
ing operations. The hand-picking and cobbing will no longer 
be just the same, and therefore there will be an advantage in not 
mixing the two classes, which would only complicate this work 
of hand-sorting for such simple intelligence as that of the chil- 
dren who are engaged at it. The jigging processes must also 
differ. The jigs for the crushed lump-ore will probably be the 
larger because of the quantity of coarse barren rock contained in 
this class of material,* and the points at which jig-tailings can 
be discarded are not the same in both cases. Finally, the slime 
treatments may be radically different, as when, for example, a 
granular quartzose gangue prevails in one class and a slaty 
gangue in the other. The proportion of fine mine-ore to the 
whole output varies between wide limits, even in one mine. 
The amount increases with the use of high explosives and may 
generally be found to range between 50 and 65 per cent, of all 
the ore. 

Cleansing, — The grit, sand, and slime which coats the ore, 
and more especially the fine mine-ore, as it is sent to the sur- 
face, are washed off to facilitate hand-sorting and keep the 
work of jigging neat. The fine mine-stuff is usually cleansed 
while being classified into several sizes ; a sharp spray of water 
cither plays upon and passes through the sizing screens, or, to 

' The dressing works at Ems, in Nassau, illustrate this fact. Description of the 
Ems mills, Berg und Huettenm. Zeitung, 1882, vol. xli., pp. 289^/ seq. 
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be more effectual when revolving screens are employed, a fixed 
hollow pipe is used as axle of the screen, and the water issues 
from it directly upon the ore.* Warm water from a steam con- 
denser is of considerable advantage in the cold season, because 
of the hand-picking which follows sizing. The dirt resulting 
from the washing is collected in vats and treated with other 
unclassified sands. Lump-ore intended for spallihg is almost 
always cleansed by merely playing a hose upon it, but lump- 
ore that is to be crushed by machines undergoes no cleansing, 
nor is washing found necessary after crushing and preparatory 
to hand-picking. Certain classes of ore, however, and notably 
zinc ores and some ores of iron contain a quantity of stiff clayey 
gangue which often envelopes the ore pieces, large and small, 
and cements them into masses of considerable size. Simple 
washing will not remove the clay ; it becomes necessary to 
pass all the ore through a special cleansing apparatus — for ex- 
ample, through a large revolving conical drum, some fifteen to 
eighteen feet long, and twelve feet in diameter, in which.the 
ore, besides being exposed to the vigorous action of water, is 
raised by upturned blades and then falling upon blade edges 
gradually breaks loose from the clay and is cleansed.' At the 
discharge end of the washer there is a draining-screen ; the 
cleansed ore passes over it and then generally drops upon the 
sizing grates which separate the lump from the smaller pieces. 
Spalling. — The practice of spalling, or breaking up and 
sorting the lump-ore by hand and sledge, is falling more and 
more into disuse. The impoverishment of the mineral de- 
posits in some of the old mining regions has necessitated the 
treatment of larger quantities of ore than heretofore, while this 
increased demand has diverted much of the labor of the dis- 
trict from surface work about the mills to work underground. 
As a consequence of these conditions, as well as owing to the 
generally increased value of labor everywhere, compared with 
twenty years ago, the lump-ore is now crushed by machines 
before being subjected to any kind of hand-sorting, and spalling 
is becoming restricted to the comparatively few lumps of rich 
ore which are selected in the mine or more commonly picked 

* This method is applied at the Lautenthal dressing works in the Upper Harz 
r^ion, Prussia. 

* A new mdl at Blei Scharley, near Beuthen, Upper Silesia, running on oxidized 
and sulphuret zinc ores with a clayey and dolomitic gangue, carries out this kind of 
cleansing very thoroughly. 
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from off the grate on which the ore is first sized. The rich ore 
is dressed by hand to avoid subsequent losses from partial pul- 
verization. There is, however, an important exceptional case 
in which spalling still holds its own in the modern mill. 

When, for instance, an ore carries argentiferous galena and 
zinc blende with copper and iron pyrites, spathic iron and 
quartz, the result of crushing would be to break up much of 
the blende, pyrites, and iron into grains, which, with specific 
gravities ranging only from 3.9 to 5.1, could not be practically 
separated from one another by jigging or any ordinary me- 
chanical dressing process ; a mixture of these minerals has no 
market, and hence crushing here would manifestly cause a loss. 
As an illustration the ore at Ems may be cited ; it contains 
all of the above-named minerals, and is subjected to spalling. 
The products of this operation are : i, Rich galena ore ; 2, 
cobbing ore ; l, pyritiferous cobbing ore ; 4, barren rock. Cob- 
bing is in this case but a further development of spalling, and 
by dealing with it now the explanation of the use of spalling 
may become more apparent. Class i, rich galena ore, is 
treated by careful work-boys (to guard against producing dust), 
and yields pure galena and further by-products for mechanical 
dressing. Class 2, cobbing ore, is divided by cobbing into 
nine sub-classes, as follows : 

a. Very rich galena ore, treated with Class i. 

b. Rich galena and blende ; sent to special treatment in 
blende dresser. 

c. Marketable blende ; sold. 

d. Moderately rich galena ore, with gangue of quartz.* 

e. Moderately rich galena ore, with gangue of spathic iron.' 
/. Moderately rich blende ore, with gangue of quartz.* 

g. Moderately rich blende ore with gangue of spathic iron ; 
discarded. 

h. Poor ore ; sent to crushing rolls. 

i. Marketable spathic iron ore ; sold. 

j. Barren rock ; discarded. 

Class 3, pyritiferous cobbing ore, is similarly treated, and 
yields : 

k. Marketable copper pyrites, first quality ; sold. 

/. Marketable copper pyrites, second quality ; sold. 
ni. Pyritiferous ore mixed with galena ; accumulated and 
dressed periodically. 

* Accumulated and treated separately in the mill 
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n, Pyritiferous ore free from galena ; concentrated by 
dressing or sold. 

0. Barren rock ; discarded. 

The products d, e, f, m, and n can be treated separately 
without difficulty, and as the only way by which it seems pos- 
sible to class the lump-ore into these groups without incurring 
great loss is by a process of cobbing preceded by spalling, the 
continuance of this last-named operation is justified. In many 
localities, however, the value of labof is too high to permit of its 
application, and at best it is a painfully primitive practice which, 
when carried out on a large scale, retards, or even prevents, by 
the sedentary nature of its work, a healthy physical develop- 
ment of the youth of the mining population. It may be hoped, 
therefore, that other properties in minerals, besides their 
specific gravities, will eventually find general adoption when 
such separations as those above mentioned are to be effected, 
and that then the necessity for spalling will disappear. 

Rock-breaking. — ^The Blake form of jaw-crusher is widely 
applied for rock-breaking. The size to which lump-ore is 
broken is commonly 2\ to 2% inches — a size convenient for 
hand-picking. That there is a great advantage in setting up 
the crushers in a building apart from the main mill, or separ- 
ated from it by a substantial partition, has been repeatedly de- 
monstrated. Crushing produces some very fine and often very 
sharp dust, and this, if allowed to spread and settle in the mill, 
hastens the wear of the dressing machinery in a very marked 
degree. Sometimes, when other dispositions have not been 
applicable, the sizing which always follows coarse crushing is 
performed in the same apartment with, and directly beneath 
the crushers, while further treatment is carried out in a separ- 
ate building. 

The coarsely crushed ore and the fine mine ore begin par- 
allel courses of treatment by being classed into several sizes ; 
the operations which ordinarily succeed this sizing are hand- 
picking and cobbing, coarse jigging of a portion of the mate- 
rial, and crushing of a portion by rolls ; after that, renewed 
sizing and fine jigging, followed sometimes by repicking ; then 
finer crushing of the ore which remains, and so on, repeating 
the cycle of operations until all remaining mineralized mate- 
rial is in the condition of sand and slime, from which the fine 
mineral is obtained by repeated washings. The whole mode 
of economical dressing is based on the oft-enunciated prinCi- 
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pie, that to obtain the ** mineral" with a minimum loss from 
comminution, the ore must be broken up only just enough to 
unlock all the mineral it may contain down to a certain size, 
and that this mineral (and also barren rock) must be separated 
from the mass at once ; the ore which then remains requires 
finer crushing to unlock more finely divided mineral, and this, 
in its turn, must be separated as before. The number of ope- 
rations that may be necessary, as well as the number of ma- 
chines required for each one, can only be known through an 
intimate acquaintance with the ore. Preparatory experiments 
on a small scale, serve to reveal to no small extent the nature 
of the rock that is to be dressed, but yet in a new mill, begin- 
ning to work on ore that has never been treated in a large 
way, considerable room is allowed for supplying deficiencies 
or making alterations, as experience may suggest. 

Sizing, — The ore that is delivered upon the sizing screens 
ranges from the condition of fine sand to that of pieces 64 or 
70 mm. (2f inches) in diameter. Whenever the ore contains 
coarsely divided mineral, which is with few exceptions the 
common case, one size-class is likely to be formed of all the 
material coarser than 30 or 32 mm. (about ij inch); more 
rarely 50 or 55 mm. (2 inches) is the inferior limit. This class, 
known as picking ore, is subjected to hand treatment. The 
material ranging from 32 mm. (or possibly 55 mm.) down to 3 
or 4 mm. (approximately from i\ to J inch) diameter is separated 
into several sizes, as many, perhaps, as six or seven, or as few 
as only two. These classes are treated by wet jigging, and hence 
their name jigging ores. The practice just alluded to, in which 
only two size-classes are made between 32 mm. and 3 mm., is 
remarkable and quite unusual. It is found in Cornwall in the 
dressing of copper pyrites with a rock gangue, in a case where 
concentrates of very poor grade only are wanted ; it also occurs 
in dressing works at Lauremburg*, in Nassau, in the treatment 
of an ore of argentiferous galena and blende with a siliceous 
gangue. The very satisfactory results obtained in the jigging, 
which follows immediately after this sizing and develops the 
system of sorting for intermediate products, bears proof that 
so small a number of size-classes is sufficient for that particu- 
lar ore. The coarsest class of jigging ore — stuff ranging down 
in a few cases as low as 15 or 18 mm. (f inch) — was formerly 

* Description of Lauremburg Dressing Works, Berg u. Huettenm. Zeit*g, 1882, 
vol. xli., pp. I40»I44. 
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subjected in some works, for example in those of Clausthal ' 
in the Upper Harz, Prussia, to small or fine picking, as it is 
called, but now all works, without exception, follow the prac- 
tice of treating that ore by hydraulic sorting, and of restricting 
the fine picking, if any, to the head products or concentrates 
of the coarsest jigs. The fine sand and meal — all material 
which passes through screens of 3 or S mm. (J inch) mesh 
— are treated at certain mills in a species of hydraulic sepa- 
rator, to produce classes for fine jigging, and for slime-wash- 
ing. By this practice one kind of hydraulic sorting follows 
immediately after another upon the same body of ore, a sys- 
tem not to be Recommended for the generality of ores, so long 
as the degree of fineness does not prevent efficient sizing. 
The better plan, therefore, and one often applied, is to size 
this fine stuff", producing three or four classes oi fine jigging 
ores, larger than i mm. (j^ inch), and to treat all material 
under I mm. or \\ mm. in the meal and slime department. 
In parts of Austria sieve-sizing is carried down to ^ mm., 
but the limits for satisfactory work have been set down by an 
engineer' of great experience at 1.4 mm. The proportional 
quantities of the several-sized ore classes must naturally vary 
very much in different mills. Fine mine-ore is often found 
to yield between 40 and 50 per cent, of picking ore, 45 to 55 
per cent, of jigging ores, and 2 to 4 per cent, of slime. Tough 
quartzose rock yields, after coarse crushing and sizing, about 
70 to 80 per cent, of picking ore, and the remainder as jigging 
and fine jigging ores, with a small percentage of slime. 

The custom of determining the screen mesh sizes down to 
the hundredth of a millimetre has been abandoned ; theoretical 
formulae are still applied, but the coefficient of experiment — 
the result of tests with hand-sieves and small hand-jigs now 
bears an important part in fixing upon the sizes. At a few 
dressing works the factor of the geometrical proportion in 
which the mesh sizes increase is as low as 1.35 ; in others it is 
as high as 2, while again in many others there is no fixed factor 
at all. The evident tendency is to simplify the works by ceas- 
ing to carry the sizing classification to the extreme which it 
may be said to have reached at several prominent mills. A 

> Description of Clausthal Dressing Works, Ibid,^ 1882, vol. xli., pp. 29 et seq.; 
also Transactions Am. Inst, of Min'g Eng^s, 1877, vol. viu, p. 470 et seq, 

* Mr. Heberle, constructor of ore dressing machinery at the Humboldt Ma- 
chine Shops of Kalk, near Cologne. 
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little extra work is thereby thrown upon the jigging, because 
now, more than ever, mixed products are formed in this opera- 
tion. To care for these products all the jigs— even to the 
coarsest — have at least three sieves, of which the second one, 
smaller sometimes than the rest, collects the * middlings.' The 
limit to reduction in the number of size-classes is reached when 
barren tailings or such as carry only occluded mineral can no 
longer be produced in jigging. 

Either shaking riddles or revolving sieves, known as trom- 
mels, can be used for sizing. The former undoubtedly per- 
form the cleanest and best separations; working with 150 to 
200 sharp shocks per minute, and with the whole screening sur- 
face available, it is natural that one of these should have far 
higher capacity and efficiency than the trommel, in which the 
effective screening surface is but a narrow strip, 8 to 10 inches 
wide, while the number of shocks it imparts to the ore — shocks 
that are gentle in nature, and produced through frictional ad- 
hesion of the ore to the side of the trommel, in that this car- 
ries the stuff up a short distance to let it return, sliding and 
dropping to the bottom — hardly reaches to double the number 
of sieve revolutions, or not over 40 to 60 impulses per minute. 
But if riddles size well they also require much motive power, 
and impart deleterious shocks to the structure of the mill, and 
as a serious drawback, they wear very rapidly and necessitate 
frequent stoppages for repairs. The weight of these disad- 
vantages, strengthened by the consideration that trommels of 
ordinary dimensions can, as a rule, easily meet all require- 
ments as regards capacity, have, rightly or wrongly, led to the 
complete abandonment of riddles for heavy work in ore-dress- 
ing.* They have been thrown out in favor of revolving screens 
at the Clausthal mills and at a number of other dressing works. 
Small riddles, suited for light work, are, however, frequently 
employed. When, for example, a rock-breaker is used — and 
perhaps not continually — to crush a moderate quantity of ore, 
the subsequent sizing into three or four classes can readily be 
effected by a simple zigzag shaking riddle actuated by the pit- 
man or the jaw of the crusher — an arrangement which costs 
much less than a set of trommels for the same work. Light 
shaking riddles are found in some mills under crushing rolls to 

> Riddles are still much used in coal sizing, where wear is less rapid and great 
capacity a more important factor. 
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effect a rough classification of material, which then passes to 
drum-screens for further sizing. 

The revolving sizing drums are either conical or cylindrical. 
Coned trommels are used about as much as cylindrical ones, 
and may perhaps obtain general preference over these. One 
old objection to the conical form no longer exists ; manufac- 
turers supply promptly and at a reasonable price sieves which 
suit the frames of coned drums. Conical trommels on hori- 
zontal axes are more easily mounted than the cylindrical ones, 
which necessarily have inclined axes. In some modes of set- 
ting, when drums are placed in steps side by side, the coned 
ones can be arranged with greater economy as regards height, 
while they are always the easier kind to manage and the ones 
requiring the least motive power. 

Each sizing-drum frequently contains two or three fields of 
different meshes. The coarsest sizes are almost without excep- 
tion separated from the mass of ore in the first trommel, while 
the finest are classified in the last one, but in each separate 
trommel the sizing commonly takes place in inverse order, the 
finest field being at the head of the trommel and the coarsest 
one at the discharging end. Such a disposition in each trommel 
naturally hastens the wear of the finer sieves, but these are easily 
patched without incurring sensible delay and made to last until 
the whole trommel needs repairs. The objection to the plain 
trommel on this ground does not, therefore, seem to be con- 
sidered a serious one by most of the dressing works, and it con- 
tinues in general use to the exclusion of the more expensive 
step-trommel and other devices which separate and discharge 
the coarsest ore-size first. Nevertheless, prominent engineers, 
recognizing other disadvantages in the plain trommels with 
several fields, have repeatedly endeavored to introduce some 
of the newer forms in cases where limited space or height 
did not admit of using single field trommels placed one be- 
neath the other in steps. 

In the plain cylindrical trommel of several fields, as usually 
employed, the ore falls at the charging end upon the finest 
sieve of the drum. Disregarding for a moment the extra 
wear of this fine sieve, this method is still a poor one, for a 
fine separation is carried out while several coarse size-classes 
remain in the ore, tending to block the passage of the fine 
stuff, and therefore interfering with good work. When the 
trommels are conical and the ore enters, as in common prac- 
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tice, at the smaller end of the drum, the method is further de- 
fective in two ways : the largest quantity of ore is treated on 
the smallest screening surface, and the finest sizing is also per- 
formed on the smallest part of the drum. If, notwithstanding 
these inherent defects, the mills can point to the satisfactory 
quality of their sizing, such results are only obtained by the 
use of very long and large sieves, which, compared with trom- 
mels of better design, occasion greater cost and increased wear, 
and require larger space and more nvotive power. The vari- 
ous forms of patented sizing apparatus which have been intro- 
duced at a number of places avoid several or even all of the 
defects that have been enumerated, but all of them are open 
to some other more or less serious objection which prevents 
their successful introduction. A number of them, excellent 
in every other respect, offer far too much difficulty in repair- 
ing. To this class belong the systems with concentric super- 
imposed or spirally arranged screening surfaces,* and all, or 
nearly all, of the kinds which depend on internal scoops to 
raise the ore from one compartment of the drum to another. 
Others have the fault of being too heavy ; in their design the 
ends of each drum are fitted with heavy iron castings for ore 
delivery, making the whole apparatus very cumbrous, and 
absorbing too much motive power. Many of the new trom- 
mel-sets are subject to both of these disadvantages, to which, 
as a further drawback, an excessive charge for patent royalties 
often can be added. Probably one of the least objectionable 
types of trommel classifiers is that known as the Heberle sys- 
tem,' for although in this system an inclined axis is generally 
used, with its attendant disadvantages, the arrangement on 
the whole is satisfactory. Conical trommels are so set that the 
ore is charged at the larger ends, and the classifications are 
made in the order of decreasing size, the coarsest ore-class be- 
ing the first one separated. By this plan the bulk of the ore 
diminishes with its size, so that the finer screens will seldom 
require larger dimensions than the coarser ones. 

Jacketed or concentric double-sieve trommels are hardly 
ever found in the mills, for the reason above given that they 
are inconvenient to repair, except when, through want of 
space, the use of the simple kind with only one screening sur- 

^ Schmidt^s Spiral Sieve, Berg u. Huettenm. 2^itung, i88i, vol. xL, p. io8. 
• Heberle Trommel System : illustrated description, Berg u. Huettenm, Jahr- 
buch der Bergakademien zu Leoben u. Przibram u. Schemnitz, l88i. 
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face would be impracticable. In all double trommels the 
mesh of the inner sieve is made to differ, if possible, by several 
sizes from that of the outer one, so that the inner surface will 
certainly not wear out before the mantle needs renewal. The 
double trommel, then, performs a rough classification, and the 
ore discharged from it must be subjected to still further sizing. 
An improvement in the construction of ordinary trommels, 
tending greatly to facilitate repairs, has of late been intro- 
duced. It consists in setting the sieving surfaces in segmental 
iron frames, and bolting these with brass nuts from the outside 
upon the drum spiders. The renewal of the whole surface of 
a drum can be accomplished in a few minutes, provided that 
duplicate segments are on hand. 

The kind of sizing sieve most widely used is made of 
punched metal. The perforations are commonly round, 
though it has been shown repeatedly that sheets with square 
holes wear as well, cost but a trifle, if anything, more than the 
ordinary kind, and do decidedly quicker and better work. 
Wire-mesh sieves are very seldom used, and then only for the 
finest sizing. Copper sheet is preferred to iron for sieves with 
holes of 2 mm. and under, though the practice in this respect 
is not always the same. Copper cannot rust, so that fine holes 
in a copper sheet keep open better than in one of iron ; but 
the main consideration in choosing between the two metals is 
always the relation between cost and 'wear of the different 
kinds of sieves, the iron having to withstand abrasion and oxy- 
dation, while the copper is deteriorated by abrasion only. At 
Clausthal all sizing sieves down to the i mm. size were for- 
merly of iron, but copper has now been introduced for sieves 
up to 2 mm. mesh, for it has been found that the copper 
screen, costing there 80 per cent, more than the iron one, 
lasts over twice as long as the latter. In place of a trommel 
with iron sieves, wanting renewal every five months, one with 
sfeves of copper that last a year has been substituted. For 
screens of coarser sizes, requiring heavier sheet-metal and not 
so much influenced Jby rust, there is no economy in employing 
copper. Steel has been profitably used for 3 and 4 mm. 
sieves ; it wears better and rusts less than iron. 

A regular feed of ore into the first trommel of a set is held 
essential to good, quick sizing. The most favored automatic 
devices for securing this end are those which require the least 
height. A common form is a rectangular oscillating pan set 
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beneath a pointed hopper. The ore falls upon the pan and is 
thrown off into the trommel by the shock of the oscillating 
movement — sixty to seventy strokes per minute. The feed is 
aided by a jet of water directed into the hopper. The sizing 
of seven and a half to eight tons of ore per hour by one set of 
trommels of ordinary dimensions — the largest trommel being 
about 3i feet in diameter and 9 to 12 feet long, according to 
the number of. fields contained— is considered very fair work. 
When the quantity of broken rock or of mine-stuff exceeds this 
amount, it is treated on two or more sets of sizing drums rather 
than on one set of enlarged dimensions. This practice, which 
is very general, economizes height in comparison with what 
one large set would require, and has the advantage common 
to most duplications, that in case of a break down the whole 
plant is not so likely to be forced into idleness. 

A very common arrangement for a system of trommels is to 
mount them in steps, side by side, as though set on the flanks 
of a A frame ; but a more recent and now favorite disposition 
places them in line in an inclined plane — one drum in front of 
the other, and rather far apart, so that the several ore-classes 
formed by sizing can be dropped directly through chutes to 
their respective picking-tables or jigs, and these may have the 
advantage of ample free space about them. This disposition 
has been made in the new dressing works at Lintorf,* Rhen- 
ish Prussia, where some of the drums are set in the roof-truss- 
ing of the mill. Where space is contracted, and particularly 
where but little height is available, a mode of setting similar 
to the one referred to as the Heberle system becomes very 
suitable. By such an arrangement, in which a number of con- 
ical trommels are keyed upon a single inclined axis,- with the 
larger end of each drum uppermost, the fall or slope of the 
sieve bottom will under all circumstances be less than the an- 
gle of inclination of the axis. The coning of each drum can be 
such that the bottom receives a slight dip in the direction of 
the smaller discharging end, or it may be level, or may even 
have a gentle rise. The advance of the ore in the trommel de- 
pends upon two factors, first, the slope of the bottom, an in- 
fluence which may be naught and sometimes negative, and 
secondly upon the zigzag path that is pursued by the material 
as it rises in the arc of an inclined circle, being held by friction 
to the side of the trommel, and then falls in a perpendicular 
' lllustraied Description of the Lintorf Works, Engineering, September 30, 1881. 
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plane, on the curve of an ellipse, to occupy a point nearer the 
discharge end than before, and to undergo a repetition of the 
movements just described. By this system very little fall is 
required in the trommels themselves, so that most of the pitch 
can be put into the fixed sheet-iron jackets and troughs, which 
convey ore from one drum to the next one of the set. It has 
thus been found possible to work such an apparatus with a dip 
of only 17° for the long inclined axis. 

By the action of revolving sieves and of the rolls and other 
crushers, a portion of every ore, and principally of the soft 
rich mineral it may contain, is reduced to a very fine condition. 
When the operation of sizing is performed ** dry," this material 
will adhere as dust to the sands and coarse meals of the ore^ 
and if charged with them upon jigs or into a current of water, 
much of it would inevitably be lost as ** float mineral.'* An ex- 
cellent practice avoids this source of loss at the mills of Przi- 
bram, and seems to deserve a more general introduction ; it is 
practically a kind of ** dry dressing : *' the fine ore, sized and 
ready for jigging, is fed continuously on to a long narrow per- 
cussion sieve, which has a bottom of punched sheet copper 
with i mm. (-^ in.) holes ; the sharp shocks given to the ore 
while passing over the apparatus loosen the adhering dust from 
the sand and allow it to work down and to fall through the 
sieve. Fine dust which was thus collected at Przibram, as- 
sayed 0.014 per cent, of silver (4 oz. per ton), 21 per cent, of 
lead, and 5.4 per cent, of zinc. When cleansing is combined 
with sizing, or in any case when the operation is carried out 
** wet," the finely comminuted material is no longer a dust, and 
hence, not so very apt to be lost as float, but yet if it pass 
through a succession of operations with coarser material, and 
mix with much water before reaching the *' slime department," 
the place where, according to scheme it should be collected, 
there would be danger of its losing much while on its way. 
Such losses were experienced at Clausthal, where, owing to 
the very large quantity of ore treated, this item was a con- 
siderable one. To remedy the evil all crushed ore of less 
than 4 mm. size is now made to pass directly from the coarse 
sizing drums to fine jigs, which separate through sieves of I 
mm. mesh. The fine stuff* passing through the sieves is rich, 
and ready for the smelt works, while the tailings consist of 
cleaned grit and sands which go on to further sizing. 

Hand-picking. — It has already been mentioned that all 
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ore, whether fine mine stuff or broken lump, between the sizes 
of about 2f and i^ inches, is usually subjected to hand- 
picking. The principal object in this treatment always is to 
separate finely mineralized pieces of ore from those containing 
the mineral in more or less compact masses — that is, to sort 
crushing ores from cobbing ores. The former, as the name in- 
dicates, go to crushing ; the latter to further hand-treatment. 
The operation is generally developed so as to produce two 
classes of crushing ores — roll ore with mineral in a moderately 
fine state of division, and stamp ore in which the mineral occurs 
in very thin streaks and bands, or in fine dissemination. Each 
of these classes is further subdivided according to its chemical 
constituents ; so, for example, in an ore carrying blende, ga- 
lena and copper pyrites, pieces with only one of these ele- 
ments, or those in which one of them largely predominated, 
would be sorted out into separate groups, to be accumulated 
and dressed separately. In a similar manner several kinds of 
cobbing ore may be prepared, with a view to simplifying their 
subsequent hand-treatment. The hand-picking of one of the 
Clausthal ores is selected among many as a fair illustration of 
the practice ; the ore carries argentiferous galena, blende, 
copper and iron pyrites, and a gangue of quartz and calc-spar. 
The products of hand-picking are : 

1 . Cobbing Ores, — Coarse galena with gangue (to cobbing) ; 
coarse blende with gangue (to cobbing) ; coarse copper .and 
iron pyrites with gangue (to cobbing). 

2. Crushing Ores, — Moderately rich roll ore (to crushing) ; 
poor roll ore (to crushing). 

3. Calc-spar. — (Sold for gravel.) 

4. Barren Rock, — (Discarded.) 

No stamp rock is here produced, though such a class is 
found at many other mills. The subdivision of roll ore into 
**rich" and ** poor " is to counteract the effect of varying 
quality in the product from the mines ; a supply can always 
be drawn from an accumulated stock of either kind of ore, so 
as to maintain constant the richness of the whole product, and 
by this means it is sought to avoid losses which are easily in- 
curred in fine jigging and in the treatment of slimes when there 
is much variability in the character of the ore. 

Hand-picking is performed by young boys or girls ; the 
latter have been found the more apt in learning and smarter at 
their work. All improvements in carrying out the treatment 
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are made with a view to diminish the amount of handling and 
to secure better sorting. Most of the new mills are furnished 
with rotating picking tables, one of these consists of a cast 
iron ring, 12 to 15 feet in diameter, constructed in segments 
and secured by radial arms to a vertical axis. Ore is charged 
upon the ring at one point and in the course of a rotation it 
passes under the eyes of a dozen or sixteen pickers who are 
seated about the table engaged in sorting. The material which 
is left by the pickers upon the table — always the largest ore 
class — is removed automatically by a scraper, while the several 
sorted classes are thrown forward upon a stationary coned sur- 
face which slopes away from the axle of the table and passes 
beneath the picking-ring to the level of the mill floor. The 
conical surface is divided off" by radial partitions, so as to 
form a number of chutes, at the lower ends of which are recep- 
tion boxes that can be removed when full and changed for 
others without the least interruption of the sorting. It would 
be a very easy matter to develop this system further by deliv- 
ering the several products upon endless bands, which should 
convey them on to further treatment, so that the handling of 
the ore be reduced to the one simple act of picking. To se- 
cure thorough sorting, abundant light is indispensable, and, as 
a result of experience, the arrangements should be such that 
the pickers throw all the sorted ore in front of them. A 
definite accountability must control the work of the pickers in 
order to obtain the best results ; at some mills each picker has 
his own receiving-box for every class of ore he sorts out, but 
at other works where handling is minimized or delicate sorting 
is required, the more improved plan is to allot the work of 
separating out one particular class of ore to one or several in- 
dividuals, and to hold that set jointly responsible for the quality 
of their work. 

Cobbing, — The separation of the different minerals of a 
hand-picked ore by means of manual labor and the cobbing 
hammer is, like the practice of spalling, a legacy of the old- 
time mill — crude, under many conditions not applicable for the 
economical and rapid treatment of large quantities of ore, and 
destined, like its coarser prototype, to occupy a very subordi- 
nate position in the list of dressing operations when, as already 
suggested, mechanical separations are no longer based on spe- 
cific gravities alone, but various other physical properties of 
minerals, their friability and toughness, their change or sta- 
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bility of character under the influence of moderate furnace 
heat, or their different degrees of magneto-electrical excitation 
shall be more generally applied in the dressing mill. To-day, 
however, cobbing is still an important operation, carried out 
with a threefold purpose : first, to separate pure masses of dif- 
ferent minerals from one another and from adhering pieces of 
gangue, preparing them at once for the market with a minimum 
loss from comminution ; secondly, to separate several classes 
of crushing ores according to the predominance of one or the 
other of the diff*erent minerals they contain ; and, lastly, to 
produce a classification according to the nature of the gangue. 
By carrying out either of the last-named separations in the 
proper cases, the subsequent wet dressing is simplified or ren- 
dered more efficient. The first kind of separation, the direct 
production of marketable products, seems to be a permanently 
valuable application of cobbing — that is, the one most likely to 
preserve its sphere of usefulness. Pure masses of two different 
minerals which are attached to a piece of gangue can frequently 
be separated from one another by a single well-directed blow 
of the cobbing hammer, without incurring any loss by the 
production of dust. At Hale, in Cornwall, a copper ore, after 
being sized and hand picked, furnishes a product for cobbing 
which carries coarse and fine copper pyrites with some very 
coarse galena and blende, and fine tin.* The classes produced 
by the hand separation are : 

1. Rich copper pyrites (sold to smelters). 

2. Coarse rich galena (sold to smelters). 

3. Coarse rich blende (sold to smelters). 

4. Fine tin (sold to tin dressers). 

5. Pyritiferous crushing rock (dressed). • 

6. Barren rock (discarded). 

In this case none of the ore is crushed before the hand 
separation, so as not to break up the lumps of coarse galena 
and blende ; galena and oxide of tin with specific gravities of 
about 7.5 and 6.8 could not be profitably separated from each 
other by wet dressing if once reduced to a fine condition, and 
the same is true for the blende and copper pyrites with nearly 
identical specific gravities. By a hand treatment, which is 
really a combination of spalling and cobbing, since selected 
lump-ore is treated with both sledge and cobbing hammer, the 



1 Tin is the Cornish name for tin ore or oxide of tin. 
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separations are very easily made. The crushing rock consists 
almost wholly of copper pyrites and gangue. 

The two cases in which cobbing is resorted to for the pro- 
duction of several kinds of crushing ores — when classifications 
are required according to predominating minerals, and accord- 
ing to the nature of the gangue — find a good illustration in 
the practice at Ems, as detailed on page 184. The extent to 
which any kind of cobbing is developed depends, aside from 
the nature of the ore, very greatly on the cost of labor and the 
scale by which market prices rise with the increasing purity 
of the products that are made. As an example of the extreme 
to which this operation can sometimes be carried with profit,' 
it may serve to instance the Clausthal treatment of one of the 
cobbing classes produced by hand picking, and mentioned in 
one of the preceding paragraphs as ** coarse copper and iron 
pyrites with gangue." This ore is separated by cobbing into : 

1. Copper pyrites, nearly pure (sold). 

2. Copper and iron pyrites — the copper predominating 
(sold). 

3. Iron and copper pyrites — the iron predominating (sold). 

4. Iron pyrites, nearly pure (sold). 

5. Pyritiferous crushing rock (accumulated and dressed). 

6. Pyrites with galena, gangue, and a little blende — sep- 
arately cobbed with other material of the same nature by ex- 
pert workers to minimize the quantity of dust, and then yield- 
ing : galena (smelted) ; copper and iron pyrites (returned to 
the first cobbing); pyrites and galena of intergrown texture 
(accumulated and dressed); galena crushing rock (dressed); 
pyritiferous crushing rock (dressed); pyrites and blende (sent 
to special blende cobbing). 

Cobbing is not always one simple and final separation, but 
at times a succession of operations, as disclosed, for example, 
in the treatment of the sixth of the foregoing groups, the 
" pyrites with galena, gangue, and a little blende." At Claus- 
thal twenty-four ore classes are produced during the cobbing, 
but eight of these are intermediate, and only sixteen products 
leave the cobbing house for the market or for further treat- 
ment. The object of subdivisions is to simplify the work for 
each individual, and to put those separations which require 
most care or skill into the hands of the expert cobbers. 

The bulk of ore from the cobbing separation is always 
crushing rock of different kinds. These products are treated 
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either at different times in one mill, or they may go to distinct 
and special departments, each furnished with apparatus that is 
particularly adapted to one kind of material. Many of the 
large works running on ores of galena, blende, and copper 
pyrites have adopted the latter as an excellent practice. They 
have one mill for galena and pyrites, and a distinct one for 
blende— a class of ore which does not, as a rule, -require as fine 
crushing as galena ore, and is often subjected to a very dif- 
ferent system of sand and slime treatment, of which more will 
be said below. 

Little or nothing has been done to reduce the cost of hand- 
ling ore in cobbing. The cobbing tables or benches are usu- 
ally set along the walls of the mill on the ground level, and 
the ore is conveyed to and from them in boxes, at a compara- 
tively great expense of manual labor. This arrangement 
seems unsatisfactory, even where boys* wages are only eight 
to fourteen cents per day, while in places where the value of 
labor is higher a profit would undoubtedly be realized in labor- 
saving devices. It would be easy to arrange a mechanical de- 
livery of the hand-picked ores into hoppers, from which the 
cobbers could draw a supply on to their tables ; and, as re- 
gards an economical disposition of the products, these could 
be thrown at once into chutes opening into the cobbing tables, 
and delivering below on to endless bands, or into bins or cars. 

Roll Crushing, — Rolls are used to treat the several classes 
of '* roll ore ** or " crushing rock ** which may result from spall- 
ing, hand-picking, and cobbing. The bulk of this ore is in 
nut size, from i^ to 2f inches in diameter, though the 
cobbing-table products are somewhat smaller. It is common 
to find two or three grades of roll crushing in a good mill — 
coarse, middle, and fine crushing. The ore-classes just named 
are all delivered to the first or coarsest set of rolls. Practice 
has shown the advantage of crushing, so far as practicable, 
fine and coarse material at the same time, for then the coarser 
ore, if well mixed with the finer, forms somewhat of a com- 
pact or homogeneous mass, which is more effectively seized by 
the rolls than coarse pieces alone would be. It is, therefore, 
not uncommon to select ore of a comparatively fine size class 
— a kind possibly suited for " middle crushing " — and to pass 
it, together with the coarse roll ore, through the first crushing 
set. Fine material, such as is applicable for this purpose, is 
found in tailings from the coarse jigs which have been mea- 
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tioned (while on the subject of sizing — pages 186-7) 21s treating 
an ore size that might range down to five-eighths of an inch. 
The headings or concentrates from those jigs went to fine 
picking, the tailings to crushing. 

It is for experiment to determine to what degree of fine- 
ness crushing must be carried in order that the operation may 
unlock a sufficient quantity of mineral to render sizing and 
jigging profitable. Practice in this respect will therefore be 
as varied as the nature of the ores themselves. In some few 
cases the crushing is only carried down to 20 mm. (about f 
inch), after which the stuff is sized — for there will naturally be 
a quantity of material reduced to a condition finer than that 
required — and then will follow the jigging ; but in many cases 
no hydraulic separation can be undertaken before all the 
crushing ore has been reduced to at least 8 mm. (about ^ 
inch). These sizes, 20 mm. and 8 mm., represent approxi- 
mately the limits within which the reduction preparatory to 
the first general jigging is usually made, though there is, 
of course, no reason why the proper size might not be found 
beyond this range. Not many ores are found carrying all 
their ''mineral'* in so fine a state of distribution that rolls 
have to be dropped out of the dressing system altogether. 
Examples of such a class do, however, occur. In subjecting 
them to hand-treatment several varieties of crushing products 
are obtained, and these then constitute different kinds of 
stamp-rock. The tin ores of Cornwall and of the Saxon Erz- 
gebirge, and the auriferous sulphuret ores of Schemnitz and 
other Hungarian localities are the principal representatives of 
this type. 

The present tendency to apply rolls for finer crushing than 
they have hitherto performed manifests itself in a number of 
mills, where extra roll-sets have been introduced, leaving the 
older stamp batteries to stand partially idle. In no well-known 
dressing works, however, are rolls used for crushing fine ore 
when all of it has to be reduced to less than 4 mm. (| inch). 
Crushing down to 4 mm. will, of course, produce a quantity 
of stuff of much smaller size, but yet 40 to 50 per cent, of the 
crushed material will in most cases be of the 4 mm. class, /.^., 
between 4 and 3 mm. For finer comminution different kinds 
of grinders have of late years been tried. Ordinary roll-rock 
is easily reduced to 18 or 20 mm. by a single pair of rolls, but 
for greater reductions, e.g,^ for crushing down to 8 or 10 mm 
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two or even three successive roll-sets are always used, and it 
is good practice to interpose between each set, as previously 
noticed, a sizing screen which separates out fine sand and meal, 
that would be reduced to dust if allowed to pass to the next 
set, and which also throws out the coarse pieces — those that, 
owing to the flexible nature of the resistance buffers, have 
been able to drop through the crushers without a sufficient 
reduction, and that therefore require to be re-treated by the 
same set of rolls. The practice of successive reduction is car- 
ried out in order to obtain the most satisfactory kind of work 
from the rolls and to minimize the production of dust. At Przi- 
bram, where this system has recently been introduced into a 
new crushing house to reduce the ore size successively to 22, 
14, and 9 mm., one pair of coarse rolls delivers rock to two 
pairs of middle rolls, and each of these supplies one pair of fine 
rolls. 

The improvements noticeable in modern types of rolls, 
compared with older designs, are greater compactness of form 
and better facilities for making repairs. In some of the latest 
forms of crushers an exchanging of rolls takes up but a very 
short time ; the construction is such that the tensile strains are 
borne by wrought-iron tension rods, and the heavy nuts at the 
ends of these are screwed up against a cast-iron end-piece which 
bears the immediate pressure of the crushing resistance ; in 
the case of repairs, it is only necessary to loosen the nuts and 
remove the end-piece, when the rolls can be drawn out of the 
frame. The handling of the heavy pieces is facilitated by ar- 
ranging for the ready use of differential pulleys ; in one of the 
mills a couple of these pulleys are suspended from an overhead 
railway, which is used to run the rolls into an adjoining shop 
and directly on to the repairing lathes. Cast-iron sleeves and 
other old devices for coupling the rolls to the power shaft 
are making way for the simple fast and loose belt pulleys with 
a speed reduction by gearing. The superiority of open-hearth 
steel * over cast-iron and Bessemer steel as a material for roll 
tires, has, it is claimed, been demonstrated at several places, 
and so it has come into use for this purpose. The harder the 
tire, the better it is found to wear, but the poorer is the 
quality of crushing — the less are the rolls capable of seizing the 
ore. Steel tires are used until through wear they become very 

^ Open-hearth steel is not nearly as expensive, compared with cast iron, as it is in 
this country, and it generally costs about five per cent, more than Bessemer steel. 
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uneven, and then they are turned down for a second run. For 
example, a tire 3 inches thick and weighing 600 pounds, is 
worked eleven hours per day for about six weeks, crushing 
hard quartzose rock ; then, upon being pared down to one-half 
of the original thickness and weighing net about two hundred 
and fifty pounds, it lasts four weeks longer, after which the old 
tire of 120 pounds is sold as scrap. The practice of removing 
the tires to turn them down has directed attention to the 
most expeditious method for securing the tire to the core or 
hub of the roll. The old way, that of driving wooden wedges 
all around the core, is still popular, but a newer and quicker 
method — slipping a coned tire upon a conical hub and securing 
it permanently by bolts — has been introduced at a number of 
mills. 

Rolls for coarse crushers are found varying from 600 to 800 
mm. (23i to 31^ inches) in diameter, and running at speeds of 
twelve to twenty-eight revolutions per minute. The best speed 
for rolls is a matter still under discussion ; on the one hand it 
is claimed that an increase of angular velocity is far from pro- 
ducing under all circumstances an increased capacity, because 
the rapidly running rolls do not seize the rock well ; on the 
other hand, figures are adduced to prove that great rotary 
speed is accompanied by an increased output. Experiment 
readily verifies, within limits, the second assertion, but that a 
high number of revolutions is therefore an advantage, is not 
a necessary conclusion. At one of the mills' where careful 
trials were made, a pair of rolls, each 650 mm. (25^ inches) in 
diameter, and with 280 mm. (11 inches) face, were obliged to 
make twenty-six revolutions per minute in order to crush from 
two inches down to two-thirds of an inch fifteen tons of hard 
quartz ore per hour ; reducing the speed was equivalent to di- 
minishing the output, but yet, for the most satisfactory crush- 
ing — if under this term be included the seizure of the ore as it 
falls from a mechanical charger, and then its thorough reduc- 
tion — the maximum speed was sixteen revolutions per minute. 
High speed and great output in this case involved the extra 
cost of a boy's labor, for it was found that constant attendance 
was necessary to shove the ore down between the rolls. This 
and similar experiments go to prove that for securing high 
tangential velocity, which is indispensable to a large capacity, 
and to provide at the same time that the ore shall be effec- 
tively seized by the rolls (even in winter months when ice and 
IS 
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snow are possibly mixed with the rock), very much larger di- 
mensions will have to be adopted. Rolls of lOOO or 1200 
mm. (39J to 47 inches) diameter could be employed, and these 
might be driven at much higher speeds than any now used, 
while the quality of the crushing would not suffer. The in- 
crease of size is only limited by the difficulty and expense in 
handling and repairing heavy rolls — objections which should 
be entirely overcome in a new well-designed mill. 

Small rolls, 12 to 14 inches in diameter, after having been 
employed for fine crushing in several works, are now condemned 
as a nuisance ; rattling away at 60 or 70 revolutions per minute, 
w4th the small ore often dancing upon their faces instead of 
passing properly through the crushing slit, they have a very 
small capacity and do not perform satisfactory work. The 
most approved practice, as now found in new mills, is to employ 
rolls of the same size for both coarse and fine crushing ; tires 
while new are used for the fine work, and after their wearing 
down, which they do with fair regularity (though too unevenly 
to continue work on fine crushing) they are turned over to the 
coarse work. All roll-crushers are supplied with an automatic 
feed, usually of the oscillating pan type. On the discharge 
end of the pan there is sometimes a triangular tongue, which 
directs the advancing ore so as to fall upon the sides of the roll 
faces and thus save the middle of each face from excessive 
wear. Rubber resistance buffers are used almost everywhere ; 
they seem to yield too readily to every hard piece of rock that 
enters the crusher ; the rolls are kept continually moving back 
and forth, and there is always a considerable class of insuf- 
ficiently crushed material which requires retreatment. Whether 
a system of breaking-cups, as applied in some coal crushing 
rolls, would not serve better than the buffers remains for ex- 
periment to determine. 

The dust which is unavoidably produced by the action of 
crushing renders it very desirable to set the rolls, and perhaps 
the accompanying sizing drums, into a building or section 
apart from the hydraulic dressing machinery. In all but the 
very largest mills, however, this disposition is impracticable ; 
an economical and at present a favorite arrangement inter- 
calates the rolls in the general sizing system ; a long line of 
trommels, as previously described, classifies the ore into a 
number of sizes ; the coarsest of these, the picking ore, is 
switched off — if such expression be permitted — and passes 
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through hand-picking and cobbing ; the bulk of it is then 
charged upon roll crushers and goes through one or more of 
these, and finally is raised by bucket elevator to rejoin the main 
sizing system. The several classes of jigging ores which re- 
sult from sizing are sorted hydraulically and usually produce a 
number of ore classes which require further reduction. All of 
these products down to 4 mm. are commonly treated in fine 
crushing rolls, which reduce the stuff to 4 mm. and less ; this 
crushed material similarly rejoins the main sizing system at the 
proper point. 

Jigging. — The operation of sorting ores by jigging is always 
performed in water ; air-jigging has not been attempted any- 
where, so far as known to the writer, except in an experimental 
way. The ores that are subjected to jigging have already been 
described (p. 186) ; they are the several size-classes, ranging 
from 32 mm. down to i or \\ mm. (\\ to ^ or 5^ inch). A 
noteworthy exception is found in the very coarse jigging prac- 
tised in the new Lintorf mill, where two size-classes are jigged 
between 30 mm. and 54 mm. (i^ and 2| inch). This case 
shows the growing tendency to restrict, when possible, the 
manual operations in dressing. Only the comparatively small 
quantity of ore that falls within the limits of 65 and 54 mm. 
(2| and 2\ inch) is subjected at once to hand-picking. The 
two classes next in size, 54 to 45 mm. and 45 to 30 mm. \2\ 
to \\ inch and i\ to i^ inch) are treated on the three sieve 
jigs, yielding pure concentrates and barren rock, and two 
classes of ** middlings," or mixed products, which in the case 
of the coarser size fall from the jigs directly on to picking- 
tables. Material finer than i mm. is sometimes jigged, though 
not often ; the prevalent opinions on the advisability of such 
treatment will most suitably be considered under the subject 
of slime-dressing. 

The old shaking-sieve operated by hand developed years 
ago into the mechanical jigging-sieve, and this has now been 
supplanted almost everywhere by the piston-jig, by sole rea- 
son of its better wear. Of the various forms of piston-jig, the 
jig-pump, the jig with jarring-sieve, the under-piston jig, etc., 
there remains but one kind in general use, namely, the side- 
piston jig ; that form in which the piston and the sieve are 
placed in adjoining compartments of the jig- box, with free 
communication beneath them, so that water can be forced in 
rising current through the sieve by a descending stroke of the 
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piston. This type answers best to the combined requirements 
of good sorting, little wear, and simple, easily executed re- 
pairs. The other forms of machines may be seen as historical 
curiosities, or used sometimes for the careful treatment of small 
quantities of middlings from the regular jigging work. 

Automatic jigs, with a continuous discharge both of con- 
centrates and of barren product or tailings, are very widely 
used, though the semi-automatic jigs, from which the con- 
centrates are removed by hand, still find support from a ten- 
acious few, because the quality of their sorting is more perfect 
than that of continuous machines. This difference in favor of 
the intermittent jig, however, is very slight, and never able to 
compensate for the evils of small output and increased loss by 
attrition, which necessarily attend the semi-automatic type of 
machine. The method of continuous working has been at- 
tended by a great development of the system of multiple sieve- 
jigs. Each sieve, however, has its separate piston. The sys- 
tem by which one piston serves a number of sieves has not 
found favor on account of the impracticability of full control of 
the stroke or water current for each separate sieve. In a jig 
with several sieves the light products from the first sieve are 
delivered by a flow of water on to the second sieve ; those 
from the second are carried to the third, and so on. The num- 
ber of sieves in one jigging machine depends upon the number 
and the difficulty of the separations that are to be made. Three 
sieve jigs are now extensively used for coarse jigging when the 
ore carries two classes of ** mineral " with an ordinary siliceous 
or calcitic gangue. Four sieves may be employed if the 
gangue is a heavy one, as spathic iron or baryta, for then the 
separation requires that the material be subjected to more pro- 
longed jigging action. A jig with four sieves is also adopted 
when three kinds of mineral have to be separated from one 
another and from a gangue ; for example, an ore carrying ar- 
gentiferous galena, blende, and iron pyrites in a siliceous and 
dolomitic gangue, is treated by coarse jigging on a four-sieve 
jig which yields : 

1. Concentrates on first sieve, pure galena. 

2. Concentrates on second sieve, mixed galena and pyrites. 

3. Concentrates on third sieve, pyrites. 

4. Concentrates on fourth sieve, blende, with pyrites and 
gangue. 

5. Tailings over fourth sieve, barren rock. 
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The mixed products (2) and (4) are either retreated on the 
same or on another jigging machine, or they are subjected to 
fine picking, or they are further crushed, just as the nature, 
quantity, and size of the material may seem to warrant. The 
middlings consist usually of small grains of the heavier miner- 
al, large grains of the lighter one, and medium grains of both 
minerals with intergrown texture. Sizing might possibly be 
applied with advantage, in some cases, to this class of mate- 
rial. Commonly, however, it is carefully rejigged on a sepa- 
rate machine, and yields fairly pure concentrates of both 
minerals, a mixed product, which is again retreated, and one 
class that goes to crushing. The mixed product always ob- 
tained from the second sieve in jigging, frequently constitutes 
a second quality concentrate, which is sold without further 
purification, but at a less favorable market-rate than the purer 
mineral from the first sieve. 

The concentrated products or ** headings" of the jigs 
either collect on the sieves, to be removed automatically, or 
they pass through a bed of coarse mineral and then through 
the sieves, to collect in the hutch-boxes below. For removing 
the headings which accumulate on the sieves there are a half- 
dozen different kinds of automatic discharges in common use. 
The simplest form, and one which has given very satisfactory 
results, consists of a pipe of which the upper open end is 
flush with the jig-sieve, while the lower end passes through 
the jig-box, and is partially closed with a slide or a nozzle of 
given diameter, through which the concentrates can be con- 
tinuously discharged. The amount by which the slide is 
opened, or the diameter given to the nozzle, determines the 
volume of flow through the discharge-pipe, and serves to con- 
trol the working of the jig. In treating coarse ore sizes — 
pieces more than two-thirds of an inch in diameter — the dis- 
charge opening is necessarily a large one. To economize 
water in this case, and at the same time to guard against too 
great a flow of ore, the delivery-pipe discharges into a stay- 
box — a deep box of small cross-section, adjoining the jig-box, 
and preserving with it a common water-level. The concen- 
trates accumulate in this stay-box, and are periodically re- 
moved by opening a slide in the bottom. In some mills a 
stay-box is dispensed with altogether. In treating coarse 
stuff the lower end of the discharge-pipe is kept closed until a 
comparatively thick bed of concentrates has accumulated, and 
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then the whole quantity is run out at once by opening the 
discharge-vent to the full diameter of the pipe. This practice 
is one which cannot be recommended ; it is impossible to 
know just when the sieve has been discharged, because the 
pipe remains, or should remain, full of concentrates ; but it 
often happens that the discharge-valve is not closed until 
foreign mineral shows itself mixed in with the discharging con- 
centraltes. Another objection to this system is that the con- 
centrates are kept longer than should be upon the sieve, 
whereby the losses from mutual abrasion of the ore particles 
are increased, just as in the case of the semi-automatic jig. 
Two products of different grades are sometimes taken from a 
single sieve, the second, or lighter class, being collected by a 
separate discharge-pipe, which passes upward through the 
sieve and through the layer of the heavier mineral. A two- 
sieve jig running in this way at one of the mills yields : 

1. On first sieve, galena concentrate (sold). 

2. On second sieve, lower pipe, mixed galena and blende 
(hand-picked or sent to special blende dressing, according to 
size). 

3. On second sieve, upper pipe, galena and blende attached 
to gangue (sent to crushing rolls). 

4. Over second sieve, barren rock (discarded). 

This method is particularly applicable to jigs of one or two 
sieves when the classification by sorting in existing works is to 
be further developed, but it is not designed .to replace or sup- 
plant multiple sieve jigs in a new mill. If the same material 
which was treated in the manner just described were charged 
upon a three-sieve jig, the new products would be designated 
in the same way as those above ; but the " mixed galena and 
blende" would probably be more concentrated, 1. ^., would 
contain less of product number (3), while the latter, in its turn, 
would be freer from barren rock. Or, if the quality of the 
first products was of satisfactory grade, then a greater quan- 
tity of material could, in a given time, be separated into those 
same grades upon the three-sieve jig than would be possible 
on the two-sieve machine with three heading discharges. It 
is immaterial where an automatic discharge is placed, for con- 
centrates upon a jig will flow in any direction, acting precisely 
like a liquid of heavy specific gravity. The experience made 
in this last respect has led to the use of a number of syphon 
discharges ; all of these work well, so far as the delivery of 
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concentrates is concerned, but yet some more or less weighty 
objection can be urged against every one of the well-known 
forms. They are either needlessly complicated, or require 
watchful attendance, or create too much dead surface on the 
sieve — that is, surface not active in sorting — or impair the ca- 
pacity of a machine by contracting the flow of ore at one part 
of the sieve. The plain pipe discharge, as above described, 
seems to be one of the best forms for ordinary jigging work ; 
it has not, however, been tried with the very coarsest kinds of 
j'gg>ng-ore — stuff" if to 2J inches in diameter — and it is not 
improbable that, in treating this material, the pipe would easily 
become clogged, particularly if its form were bent ; in such 
cases, therefore, some other kind of discharge might be pre- 
ferable* — for example, one known as the Heberle gate, which 
consists of an aperture in the side of the jig, above the level 
of the sieve, and fitted with adjustable slides by which the 
upper and lower limits of the opening are regulated ; a [_ 
shaped piece of sheet iron is fastened^ with its back and sides 
vertical, in front of the inner face of the aperture, and reaches 
down as near to the sieve surface as is possible, while still 
leaving room for pieces as large as the particular ore-size 
treated on the machine to pass between its lower edge and the 
sieve. This iron guard prevents the light jig products from 
escaping through the gate, but the concentrates flow beneath 
it into the small space it encloses, and rising in this on the 
syphon principle, a certain quantity of the stuff" is discharged 
at each pulsation of the jig. 

The old English system of discharging concentrates through 
the jigging sieve and a bed of mineral was first introduced 
for continuous working at Clausthal to treat fine material of 
2i mm. (^ inch) and under ; later this method was adopted 
at a few places for ore as coarse as 8 mm. (J inch), while now, 
at the Lauremburg works, the remarkable practice has been 
introduced of jigging in this manner all material up to 35 mm. 
(about li inch) in diameter. By utilizing the whole sieve 
surface of a jig for discharging, the capacity of the machine 
can, of course, be very largely increased over that of one 
delivering off" a sieve, but the qu.intity of the concentrates 
for very coarse ore-sizes should be correspondingly great, 
for if not, baser material can only be prevented from passing 

1 In jigging two-inch stuff at Lintorf, B^rard^s slide discharge is used, and, as 
reported, with excellent results. 



Digiti 



ized by Google 



2o8 THE QUARTERLY. 

through the same sieve by working with a very thick, heavy, 
and coarse mineral bed, to raise which at each stroke of the 
machine would require far too much motive power to be pro- 
fitable. The Lauremburg practice illustrates this point : the 
coarse ore is not rich, and the quantity of pure concentrates, 
therefore, not great ; in jigging on a three-sieve machine the 
headings of the first compartment are collected on the sieve, 
while the concentrates from the second and third compartments 
are roll-rock, large in aggregate bulk, and passing through the 
corresponding sieves ; the overflow is barren rock, and the 
whole separation is a good one. The bed of mineral used in 
this type of jigging consists of grains a couple of sizes larger 
than the ore-class which they serve to treat ; the specific gravity 
of the bed mineral is as near as practicable equal to that of the 
mineral concentrate, though never any lighter; it commonly 
consists of the same mineral species. The loss of mineral by 
mutual abrasion of the bed-grains is considerable. The beds are 
stocked anew every two to four weeks, according to the work 
done ; the material worn off is of the very finest kind, and a large 
portion of it is inevitably lost. Iron granules, or preferably sharp 
scrap, as that from the manufacture of punched sheet iron (spe- 
cific gravity about T,6) have in some districts successfully re- 
placed galena as a bed material ; iron pyrites, on account of its 
superior hardness, is used to advantage as a bedding for blende 
and copper pyrites sieves. Nevertheless, the mineral losses due 
to the bed, and the extra power required to raise the bed at 
each stroke of the jig, are permanent disadvantages of jig- 
ging through a sieve, and will probably confine this method of 
working to fine ore, except in special cases, as that instanced 
at Lauremburg, where the separation is that of one very large 
class of concentrates from wholly barren rock. For jigging ore 
of fine size the discharge through the sieve will doubtless be re- 
tained ; the additional power required to raise the mineral bed 
is offset by the increase of motive power which the other mode 
of jigging would absorb in order to force water through an ex- 
tremely fine sieve, and by the difficulty which is always expe- 
rienced and the time consumed in sieving through a very fine 
mesh ; the abrasion of the ore bed in the one case is balanced 
in the other by the rapid wear of very fine sieves, while there 
remain as advantages for the ** through sieve" system for fine 
work an easy control of the sorting by changing the thickness 
of the bed, and the fact that jigging through a bed obviates, to 
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a certain extent, the necessity of sizing. Two different sized 
grains, for example, brought together as equal falling bodies 
by a continuous water current, the smaller one will be aided by 
its smallness in working a way through the mineral bed of a fine 
jig which the larger one fails to penetrate, and thus a separation 
may sometimes be easily effected when in jigging on a sieve it 
would have proved very difficult. The superior limit to which 
jigging through sieve and bed can, in different cases, be car- 
ried with advantage has not, within the knowledge of the 
writer, been as yet determined. 

The light product in jigging passes from one sieve over a 
dam to the next one, and, finally, the tailings are carried over 
the last dam and on to an inclined draining screen. When 
water is to be economized, the tailings are mechanically dis- 
charged — particularly those of the coarsest jigs, which require 
a considerable volume of water to flow them over the dam. 
Rittinger's archimedean screw, introduced in Austria for this 
purpose, is not in general use ; a revolving paddle-wheel, or a 
shovel at the end of an oscillating lever, is the simpler device 
commonly employed, sweeping the tailings over a concavely 
round dam. 

For very fine, or ** meal jigging," a large quantity of water 
is required on the sieves, with a high number of piston strokes, 
in order to keep the fine material from packing. To econo- 
mize in the use of water, and to prevent the fine material being 
carried off the jig too quickly, the water in such fine jigs is 
almost always ** stayed ; " the tailings are discharged through 
a long slit in the end-board of the jig, beyond which and im- 
mediately adjoining is a stay-box. This may be in the form 
of a small hydraulic separator, which delivers the heavier ma- 
terial through the bottom and the lighter stuff as overflow. 
The overflow level is set at least two inches higher than the 
discharge opening of the jig, so as to produce a slight head- 
pressure with a tendency to check the main current of the jig. 
In another kind of stay-box the jig discharge is similarly made 
through a slit a couple of inches below the water surface, while 
in the box there is a float from which hangs a plug that regu- 
lates the discharge opening in the bottom according to the 
water-level in the jig ; the sands and meals sink to the bottom 
and escape, while most of the water is retained. 

Ore jigs are generally built of wood, and are found to last 
in good condition from eight to ten years, working eleven 
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hours per day. The water used in dressing works is frequently 
pumped from the mines and apt to be slightly acid ; this pre- 
cludes the use of iron for jigs, but when such objection does 
not exist thin plate iron covered with a heavy coat of paint is 
being recommended and introduced by large builders of dress- 
ing machinery. Experience has shown that iron jigs shake to 
pieces in a very few years if not constructed in the best man- 
ner, particular care being required to strengthen the corners 
of the jig-box with angle iron. In continental practice, the 
piston area is made three-fourths as large, and sometimes fully 
as large as that of the sieve ; while in England pistons of 
smaller proportion are often used. The advantage of the large 
piston is that the jigging is performed with a short stroke, and 
a regular, evenly distributed movement of the water through 
the sieve. This is held of particular importance in "through 
sieve " working, to prevent the water forcing its way with great 
disturbance through certain parts of the bed and ore layer, while 
olher portions of the fine material may be packing. For fine 
jigs, the width of the sieve is not over 450 mm. (18 inches), but 
for coarse machines this dimension may increase to about 
550 mm. (22 inches). The usual length of the sieves is from 700 
to 900 mm. (28 to 36 inches), dependent upon the difficulty of 
the sorting ; for sieves of 900 mm. the corresponding pistons 
have two piston rods. The area of the channel communicating 
between the piston and sieve compartments of the jig-box is 
never less than that of the piston itself, so that a throttling of 
the water cannot occur. The piston always has half an inch of 
play on all its sides ; its upper face, when in its highest posi- 
tion, is not more than an inch or two above the level of the 
sieve ; it is therefore always covered with water and never in 
danger of drawing air. A jig-box with rounded bottom aids 
the regular movement of the water, and is sometimes used for 
fine jigs, even though not applied in coarser ones. In iron jigs 
the semicircular bottom, which gives to the cross-section of the 
whole jig-box the form of an inverted stilted arch, pan easily 
be introduced. 

Jig-sieves made of perforated sheet-iron and of woven brass 
wire are both used, with a preference, perhaps, in favor of the 
woven kind. The first sort are the cheaper, but offer more 
resistance to the passage of water (because the flow is con- 
tracted by the sharp edges of the holes), and they are liable, it 
is said, to become easily clogged. The sieves are fastened to 
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wooden, or preferably, to iron support-gratings of thin, deep 
design, combining strength with a minimum obstruction of 
the mesh openings. The sieve mesh for coarse grain jigs is 3 
mm. (-J inch openings), and for finer grain machines 2 mm. 
(^ inch) ; that for the finest meal jigs is i mm.; in this case a 
mineral bed of 3 mm. stuff prevents the light jig product, though 
finer than i mm., from passing through the sieve. The prin- 
cipal wear of the sieve takes place at its head ; at one of the 
large mills, which is taken as a good illustration, a brass wire 
sieve lasts only eight weeks when the jigs, working ten hours 
per day on quartzose ore, are hard pushed ; the usual run, 
however, is twelve weeks ; after such a time the head of the 
sieve is patched, and so mended it wears about four or six 
weeks longer. Each sieve is generally set in a horizontal posi- 
tion, but in some mills, and more especially where water is 
scarce, the movement of ore along the sieve is aided by a slope 
of 1:36. In using the Harz method of jig discharge — the con- 
centrates passing beneath, and the tailings over a dam — it is 
found necessary to place each successive sieve 2^ inches lower 
than the preceding one, in order to prevent back currents of 
water and ore being drawn beneath the apron of the dam 
which is at the head of each sieve. With jigs having other 
discharging devices there is no fixed and necessary height be- 
tween the levels of the several sieves. In grain jigs each sieve 
is usually placed from I to 2 inches below the preceding one, 
and the dams between the sieves correspondingly diminish in 
height ; in very fine jigs the difference in levels is less — some- 
times f inch between the first and second sieves, J inch be- 
tween the second and third, and nothing between the third 
and fourth. The object of several levels being only to facili- 
tate the movement of the water and light ore along the sieves, 
the drop will of course be very much reduced or disappear al- 
together, as just shown in one example, when very fine mate- 
rial is treated, for this must always be jigged with a very large 
quantity of water upon the sieves, and the flow has to be stayed 
rather than furthered in its advance. 

The advantage, in jigging, of a short, rapid, rising flow 
through the sieves, to be succeeded by a state of quiet water 
upon them, or, at most, by a gentle descending current, was 
recognized at an early day. Though experience has since 
changed the ideas regarding the action of the jig, and it is now 
well known that the rising current which is due to the piston- 
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stroke can effect but very little sorting on account of the hin- 
dering influence which each grain exerts upon its neighbor, 
yet a strong, quick, upward current is to-day none the less of 
importance than formerly. The piston-jig, in its action upon 
the ore, is very similar to the old movable jigging sieve. A 
strong rising current, with a sharp, well-defined beginning and 
end, lifts the whole mass of ore almost bodily and unbroken 
from the sieve ; then follows the fall of the material, but not, 
as often stated,* with the velocity of falling bodies in still water 
or in a slowly descending current. Upon the momentary sup- 
position that the water on the jig-sieve is perfectly quiet, 
the lowest grains in the mass of suspended ore begin to fall, 
and, displacing the water beneath them, they create number- 
less small upward flowing currents which act upon and are 
reproduced by the succeeding grains, working in this way 
through the whole thickness of the ore-bed, effectually disin- 
tegrating it, and affording the bodies a chance to sort them- 
selves in rising currents. After this period the ore and the 
water have exchanged places — the ore, as just explained, has 
fallen, and the water evidently risen. With a renewed rise of 
the ore-bed the surface water will overflow the dam and carry 
off some of the ore tailings. Two influences interfere with the 
efficiency of this sorting, and make it necessary to repeat the 
operation a number of times : first, the action of one grain 
upon another, and secondly, the disturbing effect of a down- 
ward flow of a portion of the water. Although the ore be- 
comes thoroughly loosened in falling, it can easily happen, for 
example, that a large, heavy grain follows immediately upon a 
small, light one, hindering, for the time being, the rise of the 
latter ; or that a small, heavy grain becomes wedged between 
two large, specifically lighter bodies, and is prevented from 
falling past them. The descending water current caused by 
the return-stroke of the piston, can be entirely avoided by the 
use of a piston with valves in an apparatus such as the jig- 
pump, but practice has shown that the advantage thereby 
gained in sorting is more than counterbalanced, as previously 
mentioned, by the evils of wear and repair which such ma- 
chines engender. The harmful effect in the ordinary jig 
can be minimized by giving to the piston a slow return-stroke, 
and by admitting above it an abundant supply of water. The 
greater the volume of feed- water, the less appreciable will be the 
^ For example, in Rittingcr^s Treatise on Ore Dressing, Appendix II., p. 33. 
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descending current. But the proper amount of feed-water also 
depends upon the quantity of ore that is treated, from which it 
is incidentally inferred that a jig should perform the best kind 
of sorting when being worked to its full capacity — i.e, , when 
the overflow dam is continually carrying off a sheet of tailings ; 
and this, in turn, involves that the discharge for concentrates 
be very large, and capable of adjustment for all variations in 
the richness of the ore. 

The first means for securing a slow return-stroke of the 
piston was by the reaction of rubber buffers and springs ; 
then floating pistons were introduced, to be forced downward 
by revolving cams, and rise slowly by their buoyancy ; but it 
was soon found that all the forms of independent piston for 
coarse work confined jigging to low speeds and small capaci- 
ties ; those forms have therefore been very generally aban- 
doned, and are now only met with to any extent in England, 
where the Collom jig is still in use. A more recent slow re- 
turn movement is that produced by a revolving pinion work- 
ing in a yoke, which is attached as a variable lever to a rock- 
shaft that, in turn, actuates a small fixed lever, to which the 
piston-rod is attached. The principle of the varied motion 
is that a quick downward movement is performed while 
the revolving pinion travels over an arc a, while a slow 
return is made during passage over the much larger arc of 
360° — a, both arcs subtending the same chord on which 
the length of the piston stroke depends. A yoke and pinion, 
however, are subject to rapid deterioration when exposed 
to so much sharp dust as is usually found in a dressing mill ; 
their place was therefore soon occupied by a more practi- 
cal elbow-joint mechanism, which is based upon the same 
principle. One of the forms of this movement now exten- 
sively applied is shown in Plate III. Referring to the plate, 
A is a cast-iron frame strapped to the jig-box ; B is a uni- 
formly revolving power-shaft, driven by the pulley C ; D is 
a fly-wheel with a single diametric spoke, to which is bolted a 
cast-iron sliding piece, E ; this piece carries a pinion, F ; G is 
a connecting rod, serving to transmit the circular motion of 
the pinion F to a lever, H, which imparts an angular oscillat- 
ing motion to the rock-shaft I. Upon this shaft are keyed two 
short levers^ K, K, which act directly upon the two piston- 
rods L, L, attached to a single piston 900 mm. long. The 
figures show the piston-rods in their highest positions and 
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the mechanism set for the shortest possible stroke. When the 
pinion F is revolved, as the arrow indicates, from right to 
left through the arc a (136°), the pinion M at the end of 
the long lever traverses the arc by and brings the piston-rods 
to their lowest positions ; then, during the whole time taken 
by F in revolving through 360*^ — a (224°), the lever H slowly 
returns to its original position. To increase the piston stroke 
two adjustments are necessary : the eccentricity of the pinion 
F must be increased by displacing the sliding piece E, which 
has for that purpose elongated bolt holes seen in the figure, and 
the connecting rod G must be lengthened so as to keep the 
lever H, and with it the piston, in their original position. This 
second adjustment is made by means of the elongated collar 
N and set-screw O. The ratio of times required for the de- 
scent and the rise of the piston is in this case as 136: 224, 
2is 4i : 7 ; this ratio can be varied by altering the length of the 
lever H — a dimension which could be made adjustable. 

The elbow-joint slow-return movement is not favored for 
fine jigs running at a very high speed, and with a piston-stroke 
of only a few millimetres. It is claimed, from experiments 
made in quite a number of places, that there is no appreciable 
difference between the fine separations performed with a slow 
return and those obtained with the ordinary fine jig movement, 
which consists of an eccentric set on a revolving shaft and di- 
rectly connected with the piston rod. Other experiments do 
not confirm this view, however, and the opinion is often ex- 
pressed that the quality of sorting by fine jigging is still 
capable of improvement. The stroke of a machine with eccen- 
tric movement has been made adjustable by the use of two 
eccentrics, one being set upon the other, but this device is 
considered worthless, and even a single eccentric is objected to 
by some, because of the great wear which frictional surfaces 
suffer from the dust in the mill. Though it may seem that the 
difficulty of rapid deterioration could be overcome by setting 
the mechanism inside of the jig-box, immediately above the 
pistons, and protecting it with a board cover on part of the 
box, yet a further objection presents itself : the piston move- 
ment produced by eccentrics is not an advantageous one on 
account of the marked reduction in velocity at the begin- 
ning and end of the stroke — the very points approaching which 
the speed should, if possible, reach a maximum. A good, 
light and durable mechanism for securing a varied motion in 
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jigging remains, therefore, to be designed. It is possible that 
the independent buoyant piston combined with spring reac- 
tion, which will permit of high speeds when run on very short 
strokes, may yet be found leading to the most satisfactory 
forms. 

The length of stroke of jig pistons is 135 mm. (5} inches) for 
machines treating 2 inch stuff; 90 mm. (3^ inches) for i^ inch 
stuff, and 50 to 60 mm. (2 to 2\ inches) for i inch stuff. From this 
size downward the stroke decreases about ^ to J of an inch for 
each successive ore-size until the very fine sizes are reached, 
while the strokes of the several pistons of each separate jig some- 
times differ within smaller limits. The stroke for ordinary fine 
jigging work, on ore-classes between i^ and 3 mm., is 9 to 15 
mm. (f to 1^ inch) ; that for meal jigging is often 7. 5 mm. A four- 
sieve meal jig running at one of the works on blende and 
galena, with spathic iron in the gangue, has a stroke of 7.5 mm. 
for the first sieve, and grades down to 4 mm (^^ to ^V inch) for 
the last one ; the attempt to separate hereby spathic iron from 
blende is not a success. A stroke of less than 4 mm. is not 
used anywhere. The speed for running the jigs increases 
with a diminishing length of stroke ; it is never lower than 75 
revolutions per minute of the driving shaft (/.^., 75 jigging 
movements) for the coarsest work, and the rate increases by S 
to 10 revolutions per minute to 150 or 160 down strokes, for 
fine jigging on stuff below 3 mm. ; 185 strokes per minute are 
sometimes used for meal jigging, and 200 half-inch strokes per 
minute for the cleansing jigs, which separate very fine material 
from grain ore. Higher speeds — reaching 300 revolutions per 
minute for fine jigging — are advocated by specialists in ore- 
dressing, because they increase the jig capacity, which fact, to 
preserve good sorting, must be duly considered in making the 
other dispositions of the machine ; the neglect of so doing will 
account, it is claimed, for several failures that have been an- 
nounced as the results of speeds exceeding 200 revolutions per 
minute. Whether there is really an advantage in such speeds 
for any kind of fine ore is not yet a matter beyond dispute and 
investigation. 

It is well understood that the sorting of a jig depends upon 
the length of the piston stroke, the number of strokes per min- 
ute, the supplies of ore and of water, the discharges of concen- 
trates and of tailings, and, when working through sieves, upon 
the thickness of the mineral bed. A suitable stroke and speed 
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being once selected are usually maintained without variation. 
Only a radical change in the character of the ore calls for an 
alteration of these quantities. By way of example of such a 
change, a new mill at Grund, in the Harz region, dresses a ga- 
lena ore with a gangue of slate and heavy spar (baryta, specific 
gravity nearly 4.5) that are not much intergrown. By hand- 
treatment the ore is separated as far as practicable into two 
classes, according to the two different gangue minerals ; in 
treating the slate ore a little heavy spar is obtained with the 
galena concentrates and is removed by repicking ; periodically 
the heavy spar ore is dressed, and then the strokes of all the 
jigs are increased to their maximum, or by about thirty per 
cent., while the speeds are reduced ten to twenty per cent., 
and a very good separation is effected. The discharge of tail- 
ings, so far as concerns the design of the jigs, is generally con- 
stant, or but indirectly influenced by the action of a stay-box, 
as previously explained. There remain then, ordinarily, as 
variable factors for easily controlling the work, the ore and 
water supplies, the mineral discharge, and, in fine jigging, the 
thickness of the mineral bed. The ore charge increases with 
the ease of separation, so that there is no one fixed capacity for 
any jig ; the concentrate discharges off the sieves are increased 
with an improving richness of the ore, and the water supply in- 
creases both with the quantity and the improving quality of the 
ore — with the latter because a greater volume of water must 
draw through the mineral discharge. In jigs working the con- 
centrates through the sieves, these products settle in each jig- 
box and, by the opening of a nozzle, are periodically washed 
out with a great flow of water which for the moment drains the 
sieves. There is in this case, therefore, no possibility of regu- 
lating the degree of concentration of the headings by a con- 
tinuous flow of water through a mineral discharge, but the 
same control is attained by variations in the thickness of the 
mineral bed. No figures for an average thickness of the bed 
can be given ; it varies with the nature of the material from 20 
to 80 mm. {^ to 3^ inches), and over it the jigging ore is driven 
in a layer from 30 to 100 mm. (i^ to 4 inches) thick. The ten- 
dency of the high speed advocates is to the greater thicknesses 
both of ore and bed. 

A jig with sieves 450 mm. (i/f inches) wide, sorting a f-inch 
size-class of easy dressing material, has been proved by ex- 
periment able to treat half a ton of ore in five minutes when 
16 

Digitized byLjOOQlC 



2i8 THE QUARTERL\, 

worked to fullest capacity. This performance would bring the 
capacity of the machine up to 6o tons per day of ten hours, 
but such working is never realized in practice ; the ordinary 
capacity varies from 20 to 36 tons, with an average require- 
ment of 2 cubic feet of water per minute for each sieve. The 
principal cause of the low efficiency is found to lie in irregular 
or insufficient ore-supply. The coarser the jig, the greater its 
capacity. The thickness of the ore layer upon coarse-grain 
machines is in proportion to the difficulty of the sorting ; it 
lies between 1 20 and 200 mm. (4| and 8 inches). Fine "through 
sieve " machines treat 12 to 18 tons of ore per day with an 
average water supply of i to \\ cubic feet per minute for each 
sieve, while the capacity of meal jigs is at most 8 to 10 tons 
(dry weight). An easily controlled automatic ore feed is used 
at some works, even where the ore falls to the machines directly 
from the sizing drums ; a feed hopper will always preserve a 
small ore supply to counteract the irregularities of working ; 
notwithstanding this precaution, however, the supply often 
becomes exhausted and the jigs run idle for a short while. 
Chips of wood are always present in quite considerable quan- 
tities in the ore. A plain strip from a sieve sheet placed across 
each jig, near the overflow, serves as a skimmer to collect these 
and prevent their passing on to fine comminution, and eventu- 
ally to clogging the finest screens. 

The arrangement of jigs with reference to the economical 
handling of the products is, with a few creditable exceptions, 
extremely poor. The machines are generally placed on the 
ground floor of the mill, and both concentrates and tailings 
accumulate in collecting boxes, out of which they have to be 
raised by shovelling, at a great expenditure of manual labor. 
In a few mills, however, the jigs are set six or eight feet above 
the floor level, and the products fall over inclined draining 
screens into bins, from which they are drawn into cars, while 
only the drainings pass to a system of settling tanks in the floor 
of the building. The cheap price paid for the labor of young 
boys who attend to jigging has frequently caused good me- 
chanical arrangements to be overlooked. Many ores are 
crushed, handsorted, and jigged which do not carry over twelve 
per cent, of galena and 2^ ounces of silver to the ton, and in 
such material the portion which reaches fine jigging is often 
but one-third as rich as the undressed ore. 

(To be continued) 
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THE COPPER DEPOSITS OF VERMONT. 

By H. a. wheeler, E.M., '80. 

The copper deposits of Vermont that have thus far been 
developed occur in a belt of Huronian mica-schist that runs 
through Orange County in the middle-eastern part of the State. 
Copper is found outside of this belt in other parts of the State, 
but thus far in such small quantities that it has never been of 
any importance. 

There are three districts on this Orange County belt that 
have been productive, namely, the Pike Hill mines, at the 
northern end of the belt; at Ely,' which is twelve miles south 
of Pike Hill ; and at Copperas Hill, which is ten miles south 
of Ely, and is the most southerly of the workings on the belt. 
While these mining districts limit the productive portion of the 
copper-bearing belt to a length of some twenty-five miles, it 
extends both north and south of these limits, and in all proba- 
bility the Capleton group of mines in Canada is on the north- 
ern extension. The general character of the mines on this belt 
are similar, being segregated lenses of iron and copper pyrites 
accompanied by quartz which are conformable to the marked 
stratification of the encasing mica-schist, being typical segre- 
gated veins. Hence a description of the Ely Mine, of which 
the writer was in charge last season, and which has been opened 
to a depth of over 2,600 feet, and worked far more extensively 
than the others, it having produced over 3,000,000 pounds per 
annum, will suffice as a general description of them all. 

The Ely vein was discovered in 1820, though active opera- 
tions were not inaugurated until 1854. It has a course 30*^ 
west of north, there being a local bend in the general north and 
south trend of the belt at this place to the west ; while at Cop- 
peras Hill the vein runs 10° east of north, and at Pike Hill it is 
due north and south. The dip, which is easterly, averages 24^® 
at Ely, varying from 15"^ to 35° ; at Pike Hill it averages 33*^, 
and at Copperas Hill it is nearly vertical as far as opened, dip 
ping 80^. 

* Formerly known as Vcrshirc, and again changed back to Vcrshirc by the State 
Legislature of 1882. 
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The ore consists entirely of chalcopyrite in a gangue of 
pyrrhotite or magnetic iron pyrites, called "mundic" by the 
miners. The copper pyrites occurs very irregularly mixed 
through the " mundic," in some places the vein being almost 
pure chalcopyrite with scarcely any mundic intermixed through 
it, from which high grade it will retrograde until there is not 
more than one-half per cent, of copper in the mixture. As the 
chalcopyrite is mechanically mixed and scattered through the 
pyrrhotite, it can be at once detected and estimated merely by 
inspection, and so the value of the different grades of ore can 
be at once determined by an ocular examination, which is a 
very important feature in both the mining and dressing. The 
value of the ore will change very suddenly, as a breast of nearly 
pure mundic will change into a very high grade of ore contain- 
ing scarcely any pyrrhotite within three feet or less, and it will 
likewise a^ suddenly change from a rich ore into mundic of 
very low grade, or become ** poisoned," without any premoni- 
tion or warning, thus rendering the future value of the ore 
ahead very uncertain from what is in sight on any particular 
day. Quartz, both as the vitreous clear variety to a small ex- 
tent, and very largely as the white saccharine kind, is a promi- 
nent feature of the vein, though it usually means a pinching 
and cutting out of the ore when it appears in large quantities. 
A large lens of sugar quartz will enter the ore body and 
almost completely replace it, cutting out the ore to a mere 
sheet. These quartz lenses are typical segregations from the 
encasing schist and occur very extensively outside of the ore 
deposit throughout the belt. There is a striking peculiarity in 
the relation of the quartz to the copper and iron pyrites, as the 
mundic or pyrrhotite is the first to be ** devoured by the hun- 
gry spar," to use the miners* terms, as it first disappears before 
the expanding quartz, so that while the quartz pinches the 
vein to small size, the vein is apt to be very rich or nearly 
pure copper pyrites. At one part of the Ely vein, at a depth 
of 2,500 feet, in a vein of six to eight feet of mundic, carrying 
only a small amount of chalcopyrite, a quantity of small rolled 
quartz crystals made their appearance, being scattered all 
through the mundic and usually imbedded in a little local seg- 
regation of copper pyrites ; these crystals had originally been 
quite clear and perfect, but the edges and angles were all worn 
and rounded off so that some specimens were almost cylindrical. 

There is also a small amount of zinc blende, or *• black-jack," 
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in the chalcopyrite, especially when it is of high grade, but as 
this never amounts to more than a trifling percentage and is so 
generally the forerunnef of a rich vein, its appearance is always 
welcome. 

The vein really consists of two parallel ore sheets or strata 
of pyritic matter which are separated by an intervening layer 
of schist from ten to twenty-five feet thick. The lower vein 
or ore sheet is from one to eight feet in thickness, averaging 
about four feet, and on the whole is richer and more regular 
than the upper vein, it not being so extremely variable in 
its mineral contents. The upper vein fluctuates very widely 
both in size and richness, as it will widen out from a one-foot 
vein of mundic, assaying say one per cent, in copper, to a 
twenty-five feet vein that will average over ten per cent. This 
great variation in the strength of the lode, more particularly 
the upper vein, is due to its highly lenticular character, as 
it really consists of a series of lenses or ore bodies extending 
both laterally and vertically, that are united by connecting 
sheets of ore. These connecting sheets will range from one to 
four feet in thickness, while the bonanzas or ore bodies will 
range from six to thirty feet in thickness. In addition to the 
great increase in strength at the ore bodies, these lenses are 
usually composed of high grade ore, so that they are veritable 
bonanzas, especially as they are apt to be nearly solid ore, 
with few or no bands of quartz or country rock. The connect- 
ing sheets are usually either mundic having very little copper 
pyrites mixed through it, or else are small mixed veins of 
nearly pure copper pyrites, intermixed through sheets of 
quartz. There are frequently one or more sheets of schist 
running through the ore, and these, when of large size, have 
frequently been mistaken for the hanging- and foot-walls of the 
vein, as no true or defined walls exist, though the ore is usu- 
ally encased between quite even and regular surfaces. This 
want of certainty in working out the entire vein, and not leav- 
ing ore behind a slab perhaps a few feet in thickness, requires 
frequent test drillings to be made in both the foot and hanging 
to avoid the blunders that have been made in the past, when 
sometimes the information has been conveyed by the usually 
sound roof becoming ** heavy " and coming down, and so ex- 
posing the ore. The so-called barren country or encasing 
rock, and in fact the whole belt, on close examination, is almost 
always found to contain minute particles of chalcopyrite and 
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pyrrhotite, especially the latter, though only in very trifling 
amounts, thus showing the source of the ore and the economic 
importance of the segregating action by which the copper has 
been concentrated in a deposit from which it can be produced 
in large amounts at a good profit, when it would otherwise be 
too poor to be worked. While the cupriferous belt is generally 
a compact highly metamorphosed mica schist that is some- 
what calcareous and quite garnetiferous, at the Ely Mine it 
becomes very hard, quartzose, exceedingly compact, and par- 
takes more of the character of a very coarse, slaty structure. 
It is highly garnetiferous, on the hanging side of the vein. In 
the vein, where it occurs as slabs and sheets in the ore, sub- 
dividing the latter into sub-sheets and stringers, it is quite 
calciferous. Probably on account of this lime, the rock in 
the vein itself ** winds'' considerably, or shells and cracks ofl" 
when left standing as pillars, especially in certain portions of 
the mine. The hanging-wall itself is on the whole quite firm 
and strong, and supports itself remarkably well, which has 
been taken advantage of by making some very bold excava- 
tions, which are but slightly timbered. This strength and 
safety of the roof is probably somewhat due to the almost 
entire absence of water, which is quite characteristic of all the 
•mines on the belt, as they are remarkably free from water. 
Beyond a small seepage from around the outcrop, which is 
mostly led off* by an adit, the amount of water made by the 
entire Ely Mine does not amount to more than about2,5CX) 
gallons daily, and much of this is due to leakage from the adit 
level. The lower part of the mine is almost entirely dry, there 
being only two places where a few drops find their way 
•through the roof. 

In the upper part of the mine several small faults cross the 
vein at an angle of about fifty degrees. These were subsequent 
to the formation of the ore body, but as the throw was only a 
few feet at most, they have not in any way interfered with the 
working of the deposit. While the faults were scarcely more 
than just a mere rupture of the strata, with but a trifling move- 
ment, the plane of fracture is highly slicken and striated, 
and the immediate ground is considerably crushed and frac- 
tured, indicating an enormous pressure. Solutions of carbo- 
nate of lime and baric sulphate subsequently filled all the 
spaces with calc-spar and heavy spar, making small fissure 
veins of the faults, which are fortunately so completely and 
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compactly filled with these minerals that all danger of water 
intrusion through them is removed. 

The ore as it comes from the mine will average from three 
to four per cent, of copper, and this is enriched by hand-dress- 
ing to seven to eight per cent. , with a loss of about one-half 
per cent, in the waste. The cost of this dressing amounts to 
70 to 80 cents per ton for the actual operating expenses (not 
including administration, taxes, or depreciation). The wages 
in the dressing house range from 30 to 75 cents for boys, and 
90 cents to $1.25 per day for men. The natural arrangement 
of the ore, gangue, and rock is such that it admits of a very 
satisfactory dressing and only about one-third of the dressed 
ore is from the cobbing floor, the balance coming from the 
picking table and the spalling floor. A new concentration mill 
is in<:ourse of construction in which the ore will be treated on 
a series of five-bed plunger jigs after a careful preliminary 
crushing by rolls and sizing by revolving screens. The opera- 
tion of this mill will be very interesting, as the arrangement 
and details are such that there will be an excellent opportunity 
to practically demonstrate whether it is advisable to attempt 
the separation of two minerals of such close specific gravity as 
copper pyrites and pyrrhotite by water. A partial separation 
will be effected on a revolving picking table before the ore 
goes through the mill by which there will be sorted out (a) 
rich ore, that will at once go to the furnaces ; (b) pure mundic, 
and (c) waste-rock, which two latter go on the dump, while all 
the intermediate mixtures will go through the mill. 

This dressed ore is roasted in heaps and is then smelted in 
shaft furnaces to first matte or '* coarse metal ; " this matte is 
roasted in kilns and again smelted in shaft furnaces, producing 
a second matte or ** fine metal." Formerly the furnaces were 
30 run as to produce considerable black copper in this second 
fusion, but lately it is found expedient to run faster and use 
another type of furnace, and produce all matte in this fusion, 
and after roasting make a third fusion by which pig or black 
copper is produced accompanied by but a small amount of 
matte. The pig copper, which runs about ninety-six per cent., 
is shipped in this condition to the refiners, as thus far no re- 
fining furnaces have been built. 

At Pike Hill, where active operations were instituted in 
1854, the only two properties that have reached a productive 
basis are the Eureka and the Goddard Mines, which are adja- 
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cent properties on the same vein. The vein here is usually 
from two to ten feet in thickness, but is not so rich as the Ely, 
and the occurrence of ore is somewhat different, the segregat- 
ing action having been less intense, so that the ore is not so 
solid, having considerable quartz and schist mixed all through 
it. The chalcopyrite does not tend to segregate by itself as 
noticeably as at Ely, and the old adage of the Cornish miner, 
that ** mundic rides a good horse," is seldom fulfilled here, as 
they will pass through sheets of low grade mundic without 
meeting any ^* bunches of copper " or lenses of chalcopyrites. 
The encasing rock is more schistose, quite calcareous, and ap- 
preciably softer and cheaper to work ; a peculiar white calcif- 
erous quartz rock is found here in the hanging that resembles 
novaculite. The Goddard Mine has been worked to a depth 
of about i,ooo feet, and has produced over 30,000 tons of 
dressed ore, but both it and the Eureka are idle at present. 
As there are no smelting facilities here the ore has always had 
to bear the expense of freightage either to the coast or to Ely 
for treatment. 

At Copperas Hill is located the old Cleveland Mine and the 
newly opened Elizabeth Mine, which are contiguous properties 
on the same vein. The Cleveland has been worked since about 
the beginning of this century, being worked for its mundic, 
which is converted into copperas or sulphate of iron by heap 
roasting, and subsequently extracted by leaching and crystal- 
lization. The vein here carries very little copper, and at the 
Cleveland this is recovered as a by-product from the copperas 
solutions by precipitation as ** cement copper " on old iron. 
At the Elizabeth, which is said to average about three per 
cent, in copper, it has been decided to concentrate entirely by 
smelting, as the copper is so intimately mixed and scattered 
in such small particles through the mundic that even hand- 
picking is only partially satisfactory, entailing a heavy loss in 
the waste, besides being very expensive. Water-jacket fur- 
naces are now being erected with the intention to smelt in 
large quantities, and by the small loss in the slags to compen- 
sate for the increased cost over hand or mechanical concentra- 
tion, which latter is impracticable for this ore. The vein is 
from 20 to 70 feet wide, and has very little quartz or stony 
matter in it, being remarkably solid. 
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Erratum. — In the January Quarterly, page 147, for g=. (^-^' 
read^=<^ 

Engineering. 

Meeting of the American Institute of Mining Engineers at Bostofi^ 
February 20, 1883. — The members of the Institute of Mining Engi- 
neers were welcomed to Boston by Mr. Edward Atkinson and by Mr. 
Thomas Doane, in behalf of the Boston Society of Civil Engineers, 
in the hall of the Brunswick Hotel, on Tuesday evening, Februaiy 
20th. These addresses were replied to by Mr. R. P. Rothwell, presi- 
dent of the Institute, who then took the Chair and opened the regular 
business sessions of the meeting. Mr. J. C. Bayles read the first pa- 
per upon " The Microscopic Analysis of the Structure of Iron and 
Steely Mr. Bayles showed why the tests of iron and steel in the 
testing machine and the chemical analysis in the laboratory ought to 
be supplemented by the examination of the structure of the material 
under the microscope, and called attention to the valuable results 
which can be obtained by such investigation. 

The methods employed and the results obtained by some of the ex- 
periments in this kind of work were described. A description was 
then given of the best forms of instruments to be used for such exam- 
ination, the methods for preparing the specimens, and the precautions 
which must be observed in this kind of investigation. 

** The Coal and Iron Resources of Alabama'^ was the next paper 
read by Dr. T. Sterry Hunt. The Appalachian coal fields which 
extend through East Tennessee and Northwest Georgia, form in 
North Alabama what are known as the Black Warrior Coal Fields, ex- 
tending in all over about 5,000 square miles. To the east of this 
main field are two small detached fields, the Cahawba, 200 square 
miles, and the Coosa, 100 square miles. These all originally formed 
one basin. The Coosa and Cahawba fomi narrow strips along the 
western border not over twelve miles distant from main body. East 
of these is the Coosa Valley, being really the same limestone valley as 
the Cumberland Valley. The streams of the Appalachian coal fields 
all drain into the Ohio basin, while iron is all found on the other 
side of the mountain range, on streams draining into the Atlantic slope. 
Thus the iron and coal are separated by a mountain range, but in 
Alabama the range disappears, and we then find coal and iron m close 
proximity, and both on streams draining into the Gulf. 

In the vicinity of Birmingham there is now a daily output of from 
1,000 to 1,200 tons of good coking coal from a 4|-foot seam, and 
large quantities of iron are made from coal and iron found near by. 
In the Cahawba Valley, within three or four miles, we find on one side 
of the river large quantities of iron ore, and on the other large quanti- 
ties of coal. This is due to a large fault in the Cahawba district, by 
which large deposits of brown hematite ore are brought to the level of 
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the coal deposits. Each could be carried by gravitation to the river- 
level, and from there floated down the stream. 

The Second Session of the Institute was held Wednesday morning, 
at 9 A.M., in the Institute of Technology. The first paper was by Prof. 
R. H. Richards, of Boston, " On Changes in Structure of Ingots of 
Block Tin, caused by Imperfect Retorting'' In December some tin 
amalgam was retorted, the retort was uncovered while at low red 
heat, and cast as block tin. In Febniary this tin showed very large 
crystals, some as large as i^ inch in diameter. This change of struc- 
ture was probably due to presence of mercury. Analysis showed : 



Hg. 
Sn. 



By difierence. 
.. 2.76 
.. 97.24 



Direct. 

2.62 

97-24 



Dr. Hunt remarked that ingots of tin often become so crystallized 
in very cold weather, in Russia, as to fall to pieces. This he thought 
might possibly be due to the presence of mercury. 

" A Suggested Cure for Blast-Furnace Chills," by Mr. H. M. Howe, 
of Boston. Increased blast increases temperature to a certain extent, 
but without sufficient fuel present will fail. Different remedies have 
been tried with more or less success. Hot "air-gas** (CO) intro- 
duced at 1,100° C. will not produce sufficiently high temperature, as 
combustion is not complete. The vortico vapor of petroleum will act 
best, especially if superheated. The following table shows tempera- 
ture for complete and incomplete combustion of air-gas, petroleum, 
and vapor of petroleum : 





Initial tempera- 
ture. 






Complete com- 
bustion. 


combustion. 


Air-gas (CO) 


482'' c. 

15^ c. 

482° c. 


2,383° c. 
2,885° c. 

3.967° c 


«,323° C. 
1,698° C. 
2,117° c. 


Liquid petroleum 


Vapor of petroleum 





''Metallurgy of Nickel in t/ie United States ;' by Prof. W. P. Blake, 
of New Haven. Nickel until a few years ago was commercially a 
compound of Ni with As, Co, etc., which destroy its true properties. 
It is as sensitive as iron to foreign ingredients. Cobalt was formerly 
the first product, and nickel merely the by-product, but manufacture 
of artificial ultramarine has decreased the demand for cobalt, and the 
use of nickel for coin and for electroplating has increased the de- 
mand for nickel. 

Nickel is very commonly associated with chrome ores in serpen- 
tine rocks in the Atlantic Slope, the Pacific Slope, and in Oregon. 
Nickel is found at Litchfield, Conn., and at Lancaster Gap, Pa., and 
now also in Nevada. A very interesting hydrated sihcate of Ni 
has recently been found in Douglass County, Oregon, very similar to 
the Caledonia ore. It carries 30 per cent, of nickel oxide. Lancas- 
ter Gap ore has 2 to 3 per cent. Ni, and has been the chief sup- 
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ply in the United States. New Caledonia now fitmidies £ixro^ with 
nickel. 

Mr. Wharton, of Canada, exhibited malleable nickel in 1873, 1^7^, 
and at Paris in 1878. This was the first product of pure malleable 
nickel. Then Dr. Fleitraann succeeded in welding nickel to iron and 
steel. In this way thin plates mechanically coated on each side with 
film of nickel are rolled, which can be drawn and spun into various 
shapes for hollow-ware, etc. 

" The Bower-Barff Process for Producing Rustless Iron^' read by 
Mr. Bower, of England. This is merely a practical method of coating 
iron and steel with a film of magnetic oxide. Dr. Percy has shown 
that Russia sheet-iron does not rust, due to a pure film of magnetic 
oxide accidentally produced in process of manufacture. 

Experiments showed that Co, acting on hot iron gave a thin coat- 
ing of magnetic oxide, 3 Fe+4 (CoJ = Fe, 0^ + 4 Co. This was 
done in retorts, but indirect heating was too expensive. Experiments 
were then made with direct heating; but found difficult to regulate 
properly. A plan, was then adopted similar to the Bessemer process 
of producing an excess of oxide and then reducing. The iron is first 
exposed to oxidizing flame, which produces a coating of magnetic ox- 
ide and sesquioxide. It is then subjected to strongly reducing flame, 
when sesquioxide is converted into magnetic oxide, thus producing a 
complete coating of magnetic oxide. This reduction may be due to 
carbonic oxide or metallic iron, or probably to both. 

3(Fe,0.) + Co=2(Fe.OJ+Co,. 
4Fe,03 + Fe=3Fe. O,. 

This is accomplished by successive repetitions of oxidizing and re- 
ducing action, subjecting articles to oxidizing flame twice as long as to 
reducing. It is finished by using superheated steam, which seems to 
harden the coating of magnetic oxide. Professor Barff used steam, but 
this is slow in action ; the process, however, is applicable to wrought- 
iron. Steel can be treated equally well by either process. 

Sir Joseph Whitworth has tested steel coated by this process, and 
finds no loss in strength. 

The Norway Iron Works were visited Wednesday afternoon, when 
the members saw two reheating and one puddling furnace burning pe- 
troleum. These furnaces have only been working a short time, but seem 
very successful. The petroleum is first vaporized, then mixed with 
superheated steam, and the mixture then highly superheated before 
entering the furnace. The furnaces are arranged with regenerators 
similar to the Siemens gas furnace. There have been no analyses 
made of the mixture, or combination of steam and vapor of petroleum. 
It is possible that at this high temperature the steam is decomposed. 

The Improved Sewerage System of Boston, A visit was also made 
to the pumping station at Old Harbor Point. This station is to be 
provided with four engines, each of 25,000,000 gallons capacity. The 
two Leavitt engines are already in place, one being operated for the 
members. The two Worthington engines are not yet in place. These 
pumps are to raise all the sewerage from the main sewers, and to give 
it the necessary head to force it through a tunnel in shape of an in- 
verted syphon, passing one hundred and twenty feet below the river 
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to a reservoir on Moon Island, from which it is to be discharged into 
the sea at high tide. 

A system of intercepting sewers are to be built, into which all 
the old sewers are to drain, and through which the sewage will pass 
to the pumping station. In building these sewers the Carson Exca- 
vator is used, which was next seen in operation on Atlantic Avenue. 
This method consists in excavating the earth to proper depth slightly 
in advance of the workmen constructing the sewer. The earth, being 
raised in buckets above the street-level, is carried by means of an 
overhead rail and dumped on the completed sewer. 

At the Evening Session at the Institute of Technology, Mr. R. P. 
Roth well described briefly the jacketing of roasting cylinders at 
Deloro, Canada. Prof. W. C. Kerr, of the United States Geological 
Survey, discussed ** The Relations of the Topography to the Geology 
of the South Appalachian Plateau." The next paper read was that 
by Prof. T. Egleston, of New York, <* On the Collection of Flue-dust 
at Ems," an abstract of which is published elsewhere. 

Professor R. H. Richards next showed, by experiment with small 
glass cylinders, that explosive pressure within a cylinder tends to open 
cylinders in rifts parallel to the axis; 

«* T/ie Shop Treatment of Structural Steels,'' by Mr. A. F. Hill, of 
New York. Very many interesting and valuable points regarding the 
working of steel were brought out \n this paper. Mr. Hill said that 
the effects of punching and shearing were local and could be remedied 
by removing the affected material. The effect of punching and shear- 
ing is to produce hardness, and the amount to be removed was found 
by experiment to depend upon the carbon percentages and the thick- 
ness of the plate. It was found that the lower the steel in carbon or 
the thicker the plate the more it was affected. Regarding welding 
Mr. Hill found that weldability of steel was inversely proportioned 
to carbon percentages, also that the higher the carbon the lower the 
temperature required to make a weld. It was found that steel, after 
having been brought to welding temperature, must first be lightly 
tapped until the pieces stick, after which it can be hammered. Imme- 
diately after welding it must be annealed. If proper precautions are 
observed there is no more danger in welding steel than with iron. 

Different methods of annealing were tried but best results were 
found with oil. 

The experiments of Mr. Hill were made with a straight punch. 
Mr. R. Hunt, of Troy, suggested a form of punch which had been 
used with apparently very good results in punching rails, which con- 
sisted of three steps, thus : 



Excursion to Watertown Arsenal On Thursday the members 
examined the testing machine at Watertown, and then visited Har- 
vard College, at Cambridge, and took lunch in Memorial Hall. At 
3.30 P.M. a session for the reading of papers was held in Room 9, 
Boylston Hall, Harvard College. 
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*^ Strength of American Woods^'' by Professor S. P. Sharpless. 
In connection with report by Professor Sargent on the forests of the 
United States, prepared for United States census, some 1,300 speci- 
mens of different kinds of wood were collected from all parts of the 
country in this way. Four hundred different species were described, 
about one hundred of which had not previously been known to exist 
in this country. 

Forestry Bulletin No. 22, published by United States Census Office, 
Washington, gives a list of all kinds of wood found in the United 
States, giving i, the botanical name ; 2, common name ; 3, location 
in which it is found ; 4, average specific gravity ; 5, percentage of 
ash ; 6, relative fuel value. Professor Sharpless then explained a series 
of experiments made with these specimens. Pieces about one metre 
long and four centimetres square, cross section, were tried to deter- 
mine the modulus of elasticity and modulus of rupture for each 
species. The resistance to compression was determined with pieces 
8 diameters long, or 4 by 4 centimetres cross section, and 32 centi- 
metres long. Exi^eriments to determine the resistance to indentation 
were abo made. 

The results of all these experiments will shortly be published by 
the Census Office in a forthcoming Forestry Bulletin. 

Friday Morning at the Institute of Technology, Dr. Persifer Fra- 
zer, of Philadelphia, read a paper on ** The Eozoic and Lower Palae- 
ozoic in South Wales and their Comparison with their Appalachian 
Analogies," followed by a brief discussion, after which the meeting 
adjourned. A large number of papers were read by title. At 11 a.m. 
a large party took train for Lowell, where they were received by Mr. 
James B. Francis and most hospitably entertained at his house, after 
which the dam across the Merrimack and the canals were examined, 
and the manufacture of carpets at the Lowell Mills, of hosiery at the 
Lawrence Mills,- and cotton prints at the Merrimack Mills, were in- 
vestigated. H. Hollerith, '79. 

United States Lake Survey,^ — The Lake Survey began its exist- 
ence in 1841 with an appropriation from Congress of $15,000. Since 
that time annual appropriations have been made, the largest being 
$175,000. The work is under the War Department, and has been 
carried on by engineer officers with civil assistants. The purpose of 
the organization was to obtain a complete and accurate survey of the 
United States waters of the great lakes for the benefit of commerce. 

The charts of the survey are all completed, and are now available 
over any route in the lake waters of the United States, extending from 
Duluth, Minn., to St. Regis, N. Y. Four thousand to five thousand 
charts are issued annually. 

The normal plan for the survey of one of the great lakes was as 
follows : 

First, — The establishment of a primary triangulation, the average 
probable error of whose measured angles shall not exceed four-tenths 
of a second, the probable error of its bases not exceeding ^ 00 ^ 000 ^^ 
part of their lengths. 

Second, — The determination from primary triangulation of second- 

* Abstract of a paper by John EiseDmann, Journal of the Assoc, of Eng. Soc, 
Aogost, 1882. 
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ary points along the shore line to be surveyed not more than ten or 
fifteen miles apart, these distances being much less when a secondary 
or a tertiary triangulation can be carried along shore. 

Third. — A detailed topographical and hydrographical survey along 
the shore, based upon these points, extending inland about three- 
fourths of a mile, and lakeward for half a mile, or to the four-fathom 
curve ; scale of topographical sheet, ^ ^ ^ ^ ^ or x^ri^nr* 

Fourth, — A belt of oflf-shore hydrography done with a steamer, and 
extending from the four-fathom curve to eight or ten miles from land. 

Fifth, — Lines of steamer soundings across the lake. 

Sixth, — Precise determination of latitude, longitude, and azimuths 
at several primary stations. 

Seventh. — Reduction of field work and construction of maps. 

The author proceeds to give a brief account of triangulation, bases, 
astronomical work, topography, and hydrography, levels of pre- 
cision, meteorological data, comparison of standards, computations, 
and drafting. In measuring their principal bases they used an appa- 
ratus constructed by Repsold, of Germany. The tube of this appa- 
ratus is of thin cast-iron, canvas covered, containing two bars, one of 
steel, the other of zinc. The bars are placed side by side and fixed 
at their centres, while their ends are permitted to slide by each other 
on expanding or contracting with the changes of temperature. Any 
change of length, owing to the unequal expansion of the metals is 
read with a filar micrometer, from the comparative scales engraved 
near the ends of the bars. These micrometers indicate changes to the 
-j^^th of a millimetre (about -nniSinr*^ °^ ^'^ inch). The length of the 
tube is four metres. Secondary bases were measured with rods of iron 
placed end for end on adjustable trestles ; length of base, say two miles. 

Tertiary bases were measured with a metre chain, twenty metres 
in length. Great care was taken in comparing standards. The Lake 
Survey observations show that metals have slight variations of length 
for the same temperature. J. IC R. 

The Prussian Base Measured at Gottingen in August^ 1880.' — 
This base was measured by First Lieutenant Schreiber (in company 
with the author) by BessePs apparatus, which consists of four com- 
pound bars of iron and zinc enclosed in wooden cases. These cases 
had double walls, their inner space being filled with water for the pur- 
pose of checking the temperature of the bai-s during use ; they were 
covered with white sheeting as a protection against the sun. The in- 
tervals between the bars, as also the distance between their free ex- 
tremities, was measured by glass wedges, but a microscopic reading of 
the contacts was also occasionally made. 

The base-line was 5,192.8 metres (5,676.79 yards) long, with a 
tolerably level section for two-thirds of its length, but with a rise of 
loi^ feet for the remaining (southern) portion. It was laid out in %^ 
sections by 32 intermediate fixed points, of which Nos. 11 and 22 
were marked with equal care as the ends of the base itself. This large 
number of " fixed " points is the distinguishing feature of this base 
measurement, and ensured to it very great accuracy. Each bar was 
laid in position by a theodolite, the end of the bar being fitted with a 
specially designed sliding- sight for intersection by the cross-hairs. 

* Dr. W. J. Jordan : Zeitschrift fur Vermessungswesen, vol. x., p. 377. 
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The ends of the base, as well as all its intermediate points, were twice 
plumbed up by two theodolites placed on either side of the point. 
When any part N of, say. No. 4 bar was vertically above a fixed 
point, a specially divided bar was substituted for the ordinary one, 
after the latter had been laid, and while Bars III. and I. were still in 
position, and the fixed point plumbed up to N by two theodolites, 
each about 13 feet from it. The author recommends not to find N 
directly, but by calculation after first approximating to it. It should 
be mentioned that special lenses are prefixed to the object-glasses 
during this operation, to avoid difficulties in focussing at such short 
distances, care being taken that the collimation axis of the telescopes 
is not thereby disturbed. The point where work was stopped at night 
or at midday was found by suspending a thread over the end of 
the bar, and plumbing it downward by theodolite observation upon a 
peg in the ground. 

The 34 plumbings in the base measurement are lineally correct 
to ^ millimetre ; besides, any error therefrom is not carried forward 
in the work. 

This base was measured — after three days' practice — the first time 
in three whole and two half days, and the second in two and a half 
days. The greatest measurement in one day was 2,043.6 metres 
(2,232 yards), a rate never attained before. On smooth ground all 
the four bars were laid in four and a half minutes, or, taking all 
pauses into account, in five minutes. By this rapidity all the little 
unavoidable changes through temperature, shaking, etc., were much 
reduced. 

Exhaustive experiments showed that the wedges were read by eye 
to within ± -^ millimetre, and by the microscope to xsW millimetre, 
Two successive bar intervals were always read simultaneously. In 
Bessel's apparatus the temperature of the bars is not directly observed, 
although the relation between the difference of expansion k of the 
zinc and iron rod, and the thermometric reading R is expressed by 
the equation 

R= 46.712° - 21.983 k, 

where k is measured in Paris lines. The author, however, by com- 
paring the readings of the thermometers in the wooden cases with the 
temperature of the bars as calculated by the above equation, found 
that the latter was more correct when 

R = 51.60° — 21.983 k. 

He also found that the differences between the observed and calcu- 
lated values were always small, and attributes this fact to the cases 
being protected against solar radiation. The difference in tempera- 
ture between the iron and zinc parts of the bar is hardly i °. 

The paper concludes by very detailed calculations to show that 
the mean error imposed on the long diagonal in the base triangulation 
(a line eleven times longer than the base itself) only amounts to i 2^ 
millionths of its length, or about 5^ inches. — Abstracts London Inst, 
of Civil Engineers. 

Apparatus for Measurement of Base Lines ^ — Improvements are 
here suggested in two details of BessePs apparatus for measuring base 

' F. H. Reitz: Zcitschrift fur Veiincssungswesen, June, 1881, p. 233. 
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lines, viz., in the shape of the ends of the measuring rods, and in the 
method of finding their temperature at the time of measuring. 

In Bessel's apparatus the ends of two successive rods have bev- 
elled edges, standing perpendicularly to one another, the space be- 
tween them being measured by a wedge. The author substitutes for 
these perfect cylinders of 5 millimetres (0.197 inch) radius, made of 
steel or rock crystal, as he considers that the distance between rod- 
ends, shaped in this way, can be more accurately determined by the 
wedge ; this rounding of the ends makes the latter last longer, and at 
the same time entails less wear on the wedge. Each measuring rod 
is from 4 to 5 metres (13 to 16^ feet) long. 

For the second improvement, tubes, preferably of drawn brass, are 
provided, the temperature of which is ascertained by filling them with 
water, and then inserting a thermometer into them. When measure- 
ments are made in winter the water is kept from freezing by the addi- 
tion of alcohol or glycerine. Should iron tubes be used, an alkali 
must be put in the water to prevent permanent rust inside the tubes. 

Sketches of the proposed apparatus are given, and the author con- 
cludes by showing how the actual horizontal distance between the 
ends of his improved rods is found by the wedge. — Abstracts London 
Inst, of Civil Engineers, 

Preservation of Timber,^ — ^The following is a risume of the ex- 
perience of different railroad companies in the use of preservatives for 
timber. The Central Vermont Railroad used Kyan's process four 
years (1856-1860), but, owing to the trouble and inconvenience of 
treating the ties, abandoned it. Ties of hemlock taken up twenty -five 
years afterward were found in good condition. The natural life of a 
hemlock tie is four to i\\Q years. Chicago, Rock Island & Pacific 
Railroad : 2,000 lies were Burnettized in 1866, seventy-five per cent, 
of which are still good, being decayed one-half to three-fourths inch 
on surface sides. Ties creosoted, but believed not to have been 
thoroughly treated, did not give such a good result, as of 5,000 laid in 
1872, only thirty to fifty per cent, remain, and are badly decayed. On 
the Houston & Texas Central Railroad about 150,000 ties have been 
treated with creosote. Most of these ties were of Texas pine, a porous 
and perishable wood, lasting in its natural state two years at most. 
The wood, when partially seasoned, absorbs the oil freely. Green 
wood will not absorb the oil, except under great and long pressure. 
The company consider it more economical to season the wood about 
four months and treat, than to season artificially or to treat green. 

The ties contain about four and one-half cubic feet of wood, and 
five gallons of oil are used to each tie. The process is, first, the ap- 
plication of superheated steam, next the withdrawal of the steam and 
the formation of a partial vacuum by a vacuum-pump, the wood being 
kept hot by dry heat from steam pipes, and finally the introduction of 
the oil at 160° F. and a pressure of twenty pounds for moderately dry 
wood. Time required for dry wood, thirty minutes. 

A lot of ties treated in double lengths were cut in two and laid in 
1875. About ten per cent, were not saturated through, and an area 
of one to four inches of natural wood was in consequence exposed at 
one end to both air and moisture. These ties are now perfectly sound 



> Transactions Am. Soc. C. E. 



Digiti 



ized by Google 



PROFESSIONAL NOTES. 233 

in the pari creosoted^ but decay has penetrated the exposed ends to an 
extent varying in length from eleven to thirty inches, according to the 
area exposed. 

The Kyan process at Fort Ontario, N. Y.: In 1832, timber was 
treated by the Kyan process for the revetments of the earth slopes. 
The timber, mostly hemlock, was immersed in a solution of corrosive 
sublimate ( HgCl,), one pound of salt to fifteen gallons of water, for 
two to three weeks, or until saturated. The condition of the tiniber 
forty years afterward is shown by the following table : 



Location of Work. 



Rotten. 



Impaired. I Sound. 



Per cent. Per cent. 



20 ' 


60 


5 1 


90 


10 


50 


lO 


80 



I Per cent. 
Lower six feet of timbers which rest oh sur-' 

face of ground at foot of slope j 100 

Upper six feet of same timbers 1 20 

Timbers buried in dry earth | 5 

Timbers buried in moist earth 40 \ 

Tops of timbers -which are entirely above sur- 
face of ground at top of slope 10 

I 

Tests made upon sound timber thus exposed for forty years gave 
an average breaking weight of 478 pounds for sticks one inch square 
by twenty inches long. Similar specimens of wood in the natural 
state, cut from the same forests as the former, and seasoned for two 
years, broke with a mean weight of 399 pounds. 

No portion of the work at Fort Ontario was placed in the most ad- 
vantageous position, which is in trestlework. The process is not con- 
sidered effective against moisture under any circumstances. 

In the Burnett process the ZnCl is gradually washed out of the 
wood by rain, and leaves the wood worse than if it had not been 
treated. Creosoted piles on the New Orleans & Mobile Railroad have 
withstood both water and the teredo navalis without injury. 

Soft wood ties creosoted cost, according to Mr. Andrews, ninety 
cents, and will last, when in constant use, sixteen years. Oak ties 
will cost eighty cents, and last eight years. The relative economy of 
creosoted ties is evident. W. H. W. 

Strength of Wrought-Iron Columns, — In a paper by J. E. Howard, 
published in the " Transactions of the American Society of Civil En- 
gineers" for January, 1882, are presented the results of experiments 
made at the Watertown Arsenal on twenty Phoenix columns, 8.04 
inches in diameter, and in length from 8 inches to 28 feet. The 
machine is a horizontal, hydraulic testing machine with a capacity of 
800,000 pounds for strains of either compression or tension. All were 
tested with flat ends, and great care was taken to bring them to a good 
bearing and insure that the strain should pass exactly through the axes 
of the columns. Short columns were not supported between the ends ; 
those from ten to nineteen feet in length were supported in the middle ; 
and those over nineteen feet were supported at two points. For this 
purpose weights proportioned to balance the proper length of column 
were suspended on ropes which passed over pulleys and were made 
fast to the columns at the proper points. They were thus left free to 
deflect in any direction uninfluenced by their weight. The last column 

17 
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in the accompanying table shows the pressure in pounds per square 
inch of cross-section which crippled each one. 

In the succeeding numbef of the " Transactions " referred to the 
results cf the experiments are discussed by several members of the 
Society, who propose various formulae as giving results more nearly in 
accordance with the experimental ones than either Rankine's or Gor- 
don's. Mr. Cooper divides the columns into three classes, determined 
by the ratio of length to diameter. In the first class are those less 
than 20 diameters in length, in which the columns fail by crushing 
and not by flexure. In the second are those from 20 to 42 diame- 
ters in length. These show a uniformity of strength which is re- 
markable, and is attributed to the manner in which the columns 
were tested, that is, between two rigidly parallel surfaces, a condi- 
tion which rarely or never happens in practice. In the third class 
are those more than 42 diameters in length. In these the section 
becomes so small in comparison with the length that the resistance 
to flexure offered by the flat ends becomes insignificant, and we 
should have the strengths of flat, round, and pin* ended columns ap- 
proaching each other. This resisting moment of the ends is made a 
factor of his formula for calculating the strength of columns. He 
considers it equivalent to a reduction of the effective length of the 
column or of the ratio of / to r. This ratio is represented by R ; and 
the proportionate reduction of the total ratio, due to flatness of ends 
and rigidity of bearings, by n. Introducing these in Rankine*s for- 
mula, we get 

^= L , 

S i-^a{R^ny 

and determining from the experiments the values of the constants, he 
gives as the formula for flat-ended columns 

P __ 36000 

18000 

For pin-ended columns « = 33 and for round ends « = o. 

Mr. T. M. Cleeman ("Proceedings Engineers' Club of Philadel- 
phia," vol. iii., No. 2) deduces from the experiments values for the 
constants in Rankine's formula as follows : 

F_ 4540& 

S ~ r (2) 

^ "^ 28797 r' 
He gives also another somewhat similar in form to (i), 

P_ 45408 

^ I /•' -540/4-3 0903 (3) 

14047 • r* 

Professor Burr proposes to use two formulas, one for values of 
-r- r greater than 30, and the other for values less than 30. In the 
*< Frankl'n Institute Journal " he gives the formula 
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in which the values of x and y corresponding most nearly to the results 
of the experiments are 0.138 and 65354. 





Leneth 
in indies. 


Area of cross- 
section. 


r«. 


^by (2). 


^by(3). 


Sby(4), 


- by expcn- 
'» ment. 


I 


336 


12.062 


9.209 


31 164 


35173 


33985 


35150 


2 


336 


12. 181 


9.238 


31887 


35200 


34145 


34150 


3 


300 


12.233 


9.251 


33933 


34504 


34689 


35270 


4 


300 


12.100 


9 218 


33912 


34478 


34671 


35040 


5 


264 


12.371 


9.285 


36038 


34348 


35307 


35570 


6 


264 


12. 311 


9.271 


36009 


34348 


35307 


34360 


7 


228 


12.023 


9.199 


37966 


34636 


36008 


35365 


8 


228 


12.087 


9.216 


37966 


34636 


36008 


36900 


9 


192 


[2. 000 


9.>93 


39866 


35530 


36572 


36580 


10 


192 


12.000 


9.193 


39866 


35530 


3(>572 


36580 


IX 


156 


12.185 


9.240 


41620 


37128 


37952 


36857 


12 


156 


12.069 


9. 211 


41582 


37098 


37952 


37200 


13 


120 


12.248 


9.255 


43081 


39485 


39370 


36480 


14 


120 


12.339 


9.277 


43081 


39485 


39370 


36397 


«5 


84 


12.265 


9.259 


44257 


42959 


41337 


38157 


16 


84 


11.962 


9- 183 


44214 


42959 


413" 


43300 


17 


48 


12.081 


9.213 


45016 


48102 


44641 


49500 


18 


48 


12 119 


9.223 


45016 


48102 


44641 


51240 


19 


8 


11.903 


9.168 


45397 


57261 


57278 


57130 


20 


8 


11.903 


9.168 


45397 


57261 


57278 


57300 



The accompanying table shows the lengths of the columns, their 
areas of cross- section, the values of r* (the radius of gyration of cross- 
section), and a comparison of the actual breaking weight with those 
given by the different formulas. The table is taken from Mr. Clee- 
raan's paper, which concludes as follows : 

" From this we see that Professor Burr's formula, (4), which is de- 
rived from Euler, gives the closest results. As it is also simpler to 
use than Rankine's, it is recommended that it shall replace it. How- 
ever, the coefficient and the power will both vary for different shapes, 
and it is an example of the crying want of experiments that we can 
deduce them for but few. 

"Mr. Bland argues, and no doubt correctly, that the practical 
strength of a column depends more on the limit of elasticity than on 
the breaking strength. If a metal is strained beyond this limit, it may 
not fail for a considerable time, but the ultimate failure is certain. This 
is the distinction made by Rankine between ultimate strength and 
proof strength. If this limit of elasticity were always proportional to 
the breaking strength, then experiments on the latter could be used 
for calculating with safety the columns for bridges. It seems, how- 
ever, that there are qualities of iron and steel in which the ultimate 
strength of the latter is one-half more than the strength of the former, 
but in which the limit of elasticity is the same. Obviously it would be 
unsafe to put a greater load upon the steel than upon the iron, if it 
were used in the construction of a bridge. Unfortunately, most of the 
experiments heretofore made have had in view only the ultimate 
strength. The experiments made by the former Government Com- 
mission, however, included both the elastic limit and the absolute 
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strength, and their having shown these stated facts to exist so plainly, 
It is the more annoying that they should be discontinued. The sav- 
ing to manufacturers from a more thorough knowledge of the materi- 
als they work with may be shown by the experiments quoted on Phoenix 
columns, giving a limit of elasticity of more than two-thirds of the ulti- 
mate strength. In bridges where the load is suddenly applied, the 
strength should be twice that required for a static load of the same 
ui tensity, and a multiplication of these two factors gives a factor of 
safety of one-third as being sufficient with such columns, instead of 
one-sixth, as is now the almost universal rule. Of course, the writer 
does not advocate a reduction of the present margin of safety, unless 
authorized by further experiments, but the gain to the public wealth 
would be so great if such a reduction could be made, that it would be 
well worth much more than the cost of the experiments themselves to 
the Government. 

** What has been called the limit of elasticity is not the actual point 
where the material ceases to be elastic, but is such a point that the 
material will have an increasing permanent set, with successive ap- 
plications of the same load.*' 

In all the formulas r is the radius of gyration of the cross-section 
of the column. F. P. 

In a paper on Street Pavements^ read before the C. E. Club of 
Cleveland, E. O. Schwagal discusses the various forms of pavements 
i)ow in use. He classes streets under three heads : pleasure roads, 
light traffic roads, and heavy traffic roads, and recommends restricting 
ihe use of the two former to light vehicles. 

For pleasure drives, earth and gravel roads are suitable, and if 
l>ro[>erly cared for are both economical and agreeable. Earth roads 
should receive a top-dressing of fine gravel or of shale, according as 
the soil is clay or sand. 

The Macadam pavement, though familiar, is very generally im- 
properly laid and cared for. The ground should be properly pre- 
pared, and over this spread a layer of stone, six to eight inches in 
det>th. The stones should be perfectly clean, prismatic in shape, and 
callable of passing through a three-inch ring. This layer should be 
thoroughly wetted, and rolled while wet, and when smooth a second 
layer of stone, three to four inches deep, spread over it These 
stijiies should be similar to those in the lower layer, but smaller, and 
rapable of passing through a ring of one and one-half to two inches in 
diameter. This layer should also be wetted and rolled, and then 
covered by a layer of gravel or stone chips. The steam roller is by 
far preferable for use in such work. 

I'he Telford system is similar to the foregoing, except that a foun- 
dation is first made of roughly dressed blocks laid together. 

Wooden pavements have given very unfavorable results in Ameri- 
can practice, though said to have never been fairly tried. Bituminous or 
as])lultic pavements are in many respects desirable, but liable to in- 
Jury by the extreme temperatures of our climate. 

Stone pavements are pre-eminently fitted for heavy traffic, though 
neirher smooth nor agreeable. The properties desired in a pave- 
ment are — first, cheapness ; second, durability ; third, firmness of 
foothold to horses ; fourth, smoothness ; fifth, noiselessness ; sixth, ela^- 
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Hetty; seventh, cleanliness; eighth, imperviousness to water ; ninth, 
agreeableness of color. 

The author recommends a pavement which is practically the Tel- 
ford pavement covered with the Nicholson. The blocks of wood to 
be one-fourth inch smaller and well seasoned and creosoted, with all 
joints filled with asphaltic cement. W. H. W. 

Danger from Building on Dump Heaps, — For a number of years 
past the New Jersey Steel and Iron Co., at Trenton, N. J., have 
dumped their refuse cinders and ashes into the river, making fully 
six acres of ground. This ground was considered perfectly safe, and 
buildings were erected upon it. In November, 1882, the ground was 
discovered to be afire, and for more than a month dense volumes of 
smoke were given off. An iron bar driven into the mass was red hot 
when withdrawn. The only remedy was to dig deep trenches over 
the entire area and fill these with water. The made ground is twenty- 
four feet deep. W. H. W. 

Injuries and Fires from Lightning are growing more frequent in 
Germany. Dr. Holtz has made out a curious statistical table of the 
number of buildings out of every million which are thus struck, in 
two periods : 

From 1854 From 1874 

to 1857, to 1877. 

Brandenburg 53 157 

Poscn 63 157 

Pomerania 93 258 

Westphalia 154 365 

City of Berlin 76 206 

The causes are thought to be the destruction of forests and the 
construction of our modern houses with their projecting angles, etc. 

W. H. W. 

Fans versus Blowing Engines, — Mr. H. M. Howe, M.E., of 
Boston, has experimented on the comparative efficiency of the Baker 
pressure blower and the ordinary fan of the Sturtevant or Hawkins 
type. The method of test was to cap the outlet, but to leave holes 
of given areas in the cap, to find the pressure behind the outlets 
and indicate the engine for those units of air delivered. Comparing 
an " M " 5^ Baker blower with a ** G " Hawkins fan, there is a uni- 
form margin of ten per cent, in favor of the fan. A second series of 
experiments with a 4J Baker blower and a No. 10 Sturtevant fan 
showed that the fan greatly exceeded its rival as regards volume, and 
as regards pressure also when any considerable volume is delivered. 
Also for efficiency the Baker blower takes five times as much power 
per unit of opening as the fan does, when the latter is working any- 
where near its normal capacity. 

In discussing the advantages possessed by the two types of ma- 
chine, the first cost is in favor of the fan, roughly speaking, about as one 
to four. In cost of repairs the Baker is slightly ahead, because of 
the wear and tear of high-speeded belts. The writer suggests wider 
and broader belt-pulleys on fans, and belts without hooks or lacings, 
but made up into a continuous piece. In matter of determination, 
the fan works as efficiently when old as when new. In the Baker 
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blower the consumption of power would increase with use, since the 
bearings of the abutments would wear and let air leak back. Labor 
to adjust the abutment bearings needs to be of higher grade than suf- 
fices to look after a fan, while the latter requires more careful and 
costly attendance to keep it well lubricated and its high-speed belt in 
order. The conclusions of the writer are : i. Fans and blowers are 
more efficient when working nearly up to their maximum capacity. 
2. When both are under favorable conditions, there is little difference 
in efficiency ; by mal-adjustment, even new Baker blowers are likely 
to require much the most power, while fans are not liable to such de- 
generation. 3. Baker blower requires more skill and care in attend- 
ance, while it would be merely lowered in efficiency by a degree of 
stupidity which might damage or even disable a fan. 4. Positive 
blowers to deliver air, at twenty ounces pressure, cost four times as 
much as fan blowers of same capacity. 5. Cost of repairs slightly 
greater for fans than for blowers. 6. Fans able to deliver air at as 
much pressure as blowers. 7. Bad adjustment of moving parts is the 
probable reason why the Root blower is in disfavor. 8. Disfavor of 
fans at the West for smelting purposes the result of precedent rather 
than knowledge. 9. To reduce size of orifice at a given speed of fan 
decreases consumption of power and raises pressure of blast ; but it 
increases the consumption of power per unit of orifice with a given 
pressure. When maximum normal size of orifice is reached, blast 
pressure but little raised by further diminution of size even to its 
closure. 10. Many failures of fans are due more to bad mechanical 
arrangement and running thztn to inherent defects in the machine. 
II. Best to get control of blast pressure by several small fans, to be 
run as required, than to vary by reducing speed of few large fans. 
Provide a separate blast-pipe for each blower, while any number of 
positive blowers may deliver into one main. F. R. H. 

Analytical and Applied Chemistry. 

Sulphate of Strontium, — The demand for strontia in the manufac- 
ture of beet-root sugar is continually rising. A new deposit of the 
sulphate of strontium has been found near Girgenti in Sicily, where it 
occurs in blocks, scattered over the surface of the limestone, which it 
has replaced. — Chem, Zeitg.y vi., 989. 

Waterproof Paint for Textile Fabrics, — A patent has been issued 
in Germany for a waterproof paint, consisting of paraffine and alumin- 
ium palmitate. It is applied to the articles when hot. For textile 
substances it receives an addition of wax dissolved in linseed oil. 

Ne7V Cement, — L. Roth, ofWetzlar, Germany, has obtained a 
patent for a cement, which he prepares by using blast-furnace slag as 
a raw material, and adding limestone and bauxite to bring up the hme 
and alumina to the proper percentage. 

Wood Charcoal in Iron Working, — Tamm has found that with the 
best Swedish iron 0.0 1 per cent, phosphorus is introduced by the use 
of wood charcoal. — Dingl, Poly t. Jour n,^ 246, 1882. 

Separation of Silver from Alloys. — The alloy is dissolved in red, 
fuming nitric acid, and the solution treated with ammonia in large ex- 
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cess. The amnioniacal solution is allowed to remain in contact with 
a long strip of copper until all the silver is thrown down. — Archiv, der 
FJiarm,^ 201, 220, 1882. 

Manufacturing Aluminium, — James Morris, of England, has pa- 
tented a process for manufacturing this metal. He mixes powdered 
charcoal and lampblack with a strong solution of chloride of aluminium, 
and heats to a stiff mass. This is formed into pellets and heated in 
a retort, while for fifty hours a current of carbonic acid is passed 
through. The metal is thus obtained as a sponge, and melted with 
cryoHte. 

Adulterated Glycerine, — Magnesium sulphate, sweetened with glu- 
cose, has been found as an adulteration in glycerine in the French 
market. — Chem, Zeit,^ 56, 1035. 

Adulterated Amber, — Natural amber is adulterated to a large ex- 
tent with colophony, and insects, moss, etc., such as are found in gen- 
uine amber, are introduced into the substitute, in order to heighten 
the deception. — Chem, Zeit,^ 56, 1035. 

The Monthly Journal of Pharmacy reports the discovery of a de- 
posit of a pulverulent vanadium mineral in Ceylon. As ** vanadium 
ink " is the only actual permanent writing fluid known at present, it is 
to be hoped that the mineral will prove abundant enough to effect a 
reduction in the price of this article. 

A Carbo-hydrate from the Carbon of Cast-Iron.^ — By decom- 
posing cast-iron containing no Mn, S, P, or graphite, but 4.104 per 
cent, of combined carbon and 0.23 per cent, silica, by queans of CuS 
O^, or a mixture of copper sulphate and sodium chloride, a dark 
brown substance is separated out, which- has the composition C,,H^O,, 
which forms haloid compounds and gives a nitro derivative. 

Purification of Coal Gas, — Crushed or powdered coke, or breeze, 
thoroughly saturated with oxide of iron, by soaking in strong chalyb- 
eate water, is used in place of ordinary oxide of iron or lime in puri- 
fiers. Another patent is for the use of cotton-wool nearly saturated with 
chromic acid, and used for the same \>\ix^osq.— Journal Soc, Chem, 
Ind, 

New Explosives — Coal, peat, pitch, and paraffin are subjected to 
the action of the strongest nitric acid, nitrates, and sulphuric acid, or 
are in the first place treated with a weaker acid, and subsequently 
with the strongest acid. The nitro compounds formed are explosives 
per se or in combination with oxygenous substances.— yb//r«a/ Soc, 
Chem, Ind, 

New Form of Dynamite, — Ninety parts of dynamite or blasting 
gelatine are mixed with ten per cent, of india-rubber in sufficient sol- 
vent to dissolve it. The whole is thoroughly stirred and the solvent 
evaporated ; the mixture is then packed in rubber ca.nn6gQs, —Journal 
Soc, Chem, Ind, 

> ScheibL Neue. Zeitsch., f. R. Z. 
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Patent Fuel. — A correspondent of the Mining Herald and Colliery 
Guardian writes that the patent fuel so much used in England and 
Wales is made by mixing five per cent, of pitch with clean, small coal. 
This is packed in moulds, compressed, dried, cooled, and sold within 
twenty-four hours. Bricks for export are made about lo x 6 x 8 
inches, rounded at the edges to prevent the comers chipping off, as 
being porous they will absorb water like a s|X)nge when the outside 
skin is taken off. For domestic use the bricks are made two inches 
thick, and 4x5 inches square, and perforated with holes to assist com- 
bustion. The bricks, are grooved so they can be easily broken into 
four pieces. W. H. W. 

Printing by the Blue Process.^ — ^The author describes an ingenious 
apparatus of his own contrivance for obtaining prints which shall be 
free from the defects produced by the printing-frames in common use. 
In the latter the pressure required to keep the paper in contact with 
the glass is applied at the periphery of the glass and of the back-board. 
This causes the centre of the glass to spring, and the contact of the 
paper and the negative being consequently imperfect, only an imper- 
fect print can be expected. 

The ordinary printing- frame used in photography is an excellent 
one for small negatives, when the back-board is well cushioned with 
cotton-flannel or woollen blanket, but in large sizes the plate glass is 
expensive, hard to handle, and liable to be broken by any uneven 
pressure. The improvement described is simply the adaptation of an 
air-cushion in place of a solid pad to ensure the perfect contact of the 
sensitive paper with the negative. The back-board is in one piece, 
being clamped to the frame that holds the glass and is covered by a 
piece of manil^ paper coated with shellac varnish. Over this a sheet 
of the thinnest rubber is laid, and then a single thickness of cotton 
cloth, the whole being secured at the edges by strap-iron, fastened by 
bolts to the wooden frame. 

The air-cushion is charged by blowing from the lungs. A rubber 
tube, provided with a glass mouthpiece, leads to a T, one end of which 
is connected with a nipple introduced through the back-board and the 
other end of which is connected by a rubber tube with a pressure 
gauge. 

Prints made in this apparatus are entirely free from blue lines, or 
any blotches or blemishes due to imperfect contact between the nega- 
tive and the paper. An important addition to the apparatus is that 
by which it is so adjusted as to have the surface of the glass always at 
right angles to the direction of the sun's rays. This is secured by 
providing two adjustments, one by which the glass is rotated in a di- 
rection opposite to that of the rotation of the earth, and another in 
which a secondary axis is mounted on the primary one and at right 
angles to it, so that it can be rotated to the required position when 
the sun is either north or south of the equatorial plane. 

In addition to this the author gives some notes of experiments on 
the sensitizing liquid, and the proportions for one yielding the best 

* Abstract of a paper by Channing Whit taker, read before the Boston Society 
of Civil Engineers : Journal of ihe Association of Engineering Societies, August, 
1882. 
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results. When the process was first introduced into this country from 
France the formula in use was as follows : 

Red prussiate of potash, 8 parts ; citrate of iron and ammonia, 8 
parts ; gum arabic, i part ; water, ?>6 parts. 

Beginning with the proportions — Red pnissiate of potash, 10 parts ; 
citrate of iron and ammonia, i part ; water, 50 parts^ — different solu- 
tions were made, up to the proportions : Red prussiate of potash, i 
part ; citrate of iron and ammonia, 10 parts ; water, 50 parts. 

The plan followed was to coat a sheet i/vdth a given solution, and 
after cutting it into strips to expose them all to direct sunlight and 
withdraw them one after another at stated intervals, thus giving a dif- 
ferent time of exposure to each one. 

The conclusions drawn from these experiments were that each 
mixture would give a deep blue after each exposure, that this would 
turn to a gray if over-exposed, but that two or three minutes* deviation 
from the proper time of exposure does not materially alter the result. 
The best formula, he finds, would be : Red prussiate of potash, 2 
parts ; citrate of iron and ammonia, 3 parts ; water, 20 parts. 

An excess of the prussiate lengthens the time of exposure, while 
that of the citrate shortens it. 

We give below a formula which Dr. L. H. Laudy of the School of 
Mines has prepared and long used with excellent results : 

Solution No. i. — 35 grammes (or 539 grains) of ferricyanide of 
potassium dissolved in 230 cubic centimetres (or 8 ounces) of distilled 
water. 

Solution No. 2. — 53 grammes (or 816 grains) of citrate of iron and 
ammonia dissolved in 230 cubic centimetres (or 8 ounces) of distilled 
water. These solutions must be kept separate. 

When ready to prepare the paper, mix equal parts of Nos. i and 
2 and apply to the paper either with sponge or soft cloth, and hang up 
to dry. These operations must be conducted in a dark room. 

As soon as the paper is dry, place under negative or tracing, and 
expose to direct sunlight. After printing, place in water and wash 
thoroughly. C. F. McK. 

Experiments and Improvements in the Mines of Prussia 
DURING 188 1. — Continued,^ 

Iron Shaft Linings. — The value of iron, in the shape of I-beams, 
channel and angle bars, and boiler iron, in place of wooden timbers 
and plank for shaft lining is illustrated by several examples. A ma- 
sonry-lined shaft of the Sammelgliick mine, in Upper Silesia, is sup- 
ported by heavy iron I-beams for bearers, two at the surface, two at 
66 yards near the bottom, and two half-way down. At intervals of 
20 feet the shaft has I-beams as dividing timbers between the pump- 
way, ladder- way, and hoisting compartments, which are let into the 
masonry of the shaft, and then in turn support vertical channel bars, 
which are bolted to the walls of the shaft. Smaller I-beams cross 
the shaft at intervals, their ends resting on the bolt heads and held 
between the flanges of the vertical channel bars. The partitions 
between the several compartments are of boiler iron, bolted to the 
iron framework. The guides are rails of Tiron. Wood is used only 
for the ladders and platforms in the ladder-way. 

' From the Zeit. f. d. Berg. Hutten u. Salinenwesen, xxx. (1882), pp. 230 ct 
scq. 
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Old Rails are used instead of timbers in the Adolph shaft of the 
Frederick mine at Tarnowitz. The shaft is rectangular, and the sets 
are made of four pieces of rail, the flanges notched and bolted together 
through the web at the corners, the rails being placed with flange in- 
side and head outside. The sets, 5 feet apart, are connected by four 
vertical rails inside the shaft, one at each corner, used as stringing 
pieces, and bolted to each set. The lagging is of short planks, the 
ends, top and bottom, being confined and held in place between the 
head and flange of the rails. The whole lining rests on a bearing 
frame of rails placed on the level of the floor of the gangway. 

Iron Guides, of simple construction, are found in the Spes shaft at 
the same mine. These consist of channel bars, which are bolted at ' 
short intervals (5 feet) to cross-bearers of old rails, which in turn are 
let into the masonry or into hitches in the wall rock and held in place 
by cement. The guide bars, in lengths of about thirty feet, are joined 
by fish-plates and bolts, the joints coming between the bearers. 

An Elliptical Underground Loading Chamber , 27 x 40 feet, in the 
Frenkel shaft of the Friedrichsthal coal mine, at Saarbruck, is pro- 
vided with a cone-shaped roofing of iron. The chamber is walled with 
brick to the height of about nine feet. On this rests an elliptical hoop 
of angle iron 4^" x 8f " and f " thick in four segments, connected by 
bolts and fish-plates, and held securely in place by brickwork behind. 
From this ring radial rafters of I-beams run to the lowest ring, about 
eighteen feet above the floor of the gangway, of the iron shaft lining, 
being fastened top and bottom by forged angle pieces. The shaft it- 
self is circular, with circular sets or rings of channel iron connected by 
stringing pieces as usual. The gangways, running from either end of 
the elliptical chamber, are walled and arched with brickwork. The 
cost of this iron work, including labor of fitting, was about five hundred 
dollars. Working drawings of this and of the other iron constructions 
are given. 

Utilization of Water-pressure. — At the Silisria lead and zinc mine, 
at Hennef, a water-tight masonry dam, with a heavy iron door, has 
been placed in the 48-metre level. The water-power, with a pressure 
of five atmospheres, is utilized to drive pumps, ventilators, and haul- 
age machinery. A working drawing of the dam and gate is given. 

Double-acting Plunger Pump with High Lift. — A plunger pump, 
lifting the water 198 yards, has been in use in the Comb. Gottessegen 
mine since October, 1879. It has two cylinders, one above the other, 
with a single plunger, which forces the water from the lower cylinder on 
the down-stroke and the upper cylinder on the up-stroke. The plunger 
passes through a stuffing-box between the two cylinders, and the pis- 
ton-rod, by which the plunger is worked, passes through a similar 
stuffing-box in the head of the upper cylinder. Each cylinder has its 
own suction-pipe and valve-boxes, but both are connected with the 
same column-pipe. Above the upper cylinder connection is an addi- 
tional relief valve to prevent the emptying of the water column in case 
the other valves fail. Owing to the unusually heavy water-pressure, 
the valves at first gave much trouble and occasioned frequent stop- 
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pages. The connections between the pump-rods and the plunger by 
means of the piston also required strengthening. The diameter of the 
phmger is 16.8 inches, with a stroke oi 10^ feet, and at six strokes the 
pump lifts 1,242 gallons per minute. The pump replaced two, one 
raising the water to the other. By reason of the double-acting feature 
the diameter of the plunger is less than would otherwise be necessary, 
giving smaller castings, cheaper and more easily handled, and more 
rapidly put in place, thus effecting a considerable saving in first cost 
and in time. 

Strengthening Pump Castings. — A new T-piece for a 17-inch 
plunger pump at the von der Heydt coal mine is strengthened by the 
insertion of two two-inch bolts in the cast-iron. These bolts were put 
in warm (at about " the temperature of a warm hand "), and it is esti- 
mated that in shrinking they exert a force of about thirty-five tons, 
against the pressure of the water tending to split the casting. The 
bolts are placed above and below the T-branch, and compensate in 
part for the loss of strength due to this opening. 

Pulsometers of improved construction are used with good results in 
the concentration works and elsewhere at the Frederick mine in Upper 
Silesia. 

Water 'pressure Engine for Pumping. — At the Providence shaft of 
the von der Heydt coal mine a small water-pressure engine has been 
in use since September, 1879, lifting 80 gallons per minute from the 
third to the second level. A sketch of the valve-motion is given. 

Covering Steam-pipes. — At the Neu-Voccart coal mine the insulat- 
ing material is covered and protected with prepared canvas in strips 
about four inches wide, wound spirally about the pipe, beginning at 
the bottom. The flange joints are protected from the action of water 
by tin caps, the upper cylindrical portion of which is wrapped in the 
canvas. This covering is said to be cheap and durable. 

Underground Haulage, Wooden Paving for Gangways. — In the 
Mansfeld coal mine, at Langendreer, it was necessary to renew the 
pavement at some of the wet points, and experiments were made with 
wood pavements. Old oak wood was used for this purpose as long as 
it had a sound core about three inches in diameter. It was cut into 
short pieces of from 4 to 6 inches and placed into the correspondingly 
cleared gangway, the head end upward, so that each block stood about 
one-fourth inch higher or lower than the other. On paving the portion 
between two ties in this manner, the interstices between the blocks 
were firmly wedged out with thin wedges of wood. The paving blocks 
are not of equal thickness, but are used indiscriminately ; splinters and 
bark are removed. The cost in labor per running yard of a double- 
track railwa), including the cutting of the old mine wood, is 34 cents. 
The wood cannot be included, as only such is used as cannot be util- 
ized for other purposes. The horses slipped at first, but have now 
become used to it. 
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Places of Refuge for Miners^ in which they can avoid descending 
cars, are excavated in the side of the gangways of the Obernkirchen 
coal mine, every 80 feet ^25 metres)* Such places are whitewashed 
to make them more conspicuous. H. S. M. 



Metallurgy. 

Ems Silver Works, ^ — The ores come from two preparation works, 
which are situated in parallel valleys about a mile apart. The ore is 
kept in large stalls, and accumulated tliere, according to the richness 
or the gangue, until there is enough to treat. The carbonate of iron 
is used because needed for a flux and because it contains sprinkled 
through it some small quantities of galena. The ores do not gener- 
ally contain more than forty grams of silver. The mines which fur- 
nish the ore to the preparation works are near, and make their 
dumps at one end of the plateau, while the preparation works use the 
other. The mine and preparation works are on the opposite side of 
the river from the furnaces. The ore, as it comes from the works, is 
divided into large and fine. The large pieces go directly to the shaft 
furnaces ; the fine ones are agglomerated in reverberatory furnaces. 
These have but one hearth, as no acid is made. At the end door, 
where the fusion takes place, an iron receptacle, bent round and of 
the width necessary to hold the charge, is chained. This is not as 
good a method as at Przbram, where wagons are used. The ore is 
broken up to go to the shaft furnace. 

All the men who work the fine ore, or who are likely to get lead 
in any way on their hands, are strictly forbidden to eat anything in 
the works without first washing their hands. If they do, they are 
fined. A clean place for them to eat in is provided, and if they do 
eat in the works they are first fined, and then, if they become sick, 
are likely to have to pay the physician's bill themselves. 

The material ready for the shaft furnace is carried up by a lift. 
As there is very little space, and a turn at right angles must be made, 
the guides of the lift are made to turn spirally 90 degrees in a height 
of about 5 metres, so that the wagon is discharged at right angles to the 
direction it enters. There are four large Piltz furnaces and one small 
one. There is nothing peculiar about them. The slag runs into two 
kettles, so that in the first one is always rich. These slag pots are 
very large, 0.75 m. high and 0.75 m. in diameter. They each have two 
trunnions ; the upper one near the top is much above the centre of 
gravity, and is used to carry the pot otf with, the weight of the pot 
keeping it always upright. It is taken out of the works and allowed 
to cool. The wagon is then run under the lower trunnion, which is 
much below the centre of gravity when the pot is full, but above it 
when it is empty. The weight of the slag tips it over, and the slag is 
discharged. The weight of the pot then brings it back to an upright 
position. For a long time they used small slag pots here, but they 
were constantly getting out of repair. Since the large pots have been 
used there are no repairs. They have now lasted for five years. 

The silver is extracted by zinc. They make only three additions, 

* See also Transactions American Institute of Mining Engineers, vol. xi. 
(forthcoming). 
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as there is no copper. The Cordurier process is used. The dust is 
collected in flues /^/^ A A> with doors at a to remove it from time 
to time, without taking the flues down as at Przbram. 

The kettles are made of white iron or of gray iron and wroughtiron 
melted together, and are cast bottom down. They are made to hold 
from sixteen to twenty tons. They are bought by contract to last 
through the melting of so many tons. The table gives the number of 
tons melted in those replaced at the following dates in 1881 and 1882 : 



i88z. 

January 2, 142,656 

February 1,475,000 

Jiine 1,358,650 

July. 501,000 

September ' 1,368,510 

October 1,618,550 

November 368,290 

December 864,450 ( 

^ Made of white iron. 



January 1,189,975 

March 543, 500 

April 629,680 

May 977,000 

June 597,500 



The contractors make no objection to an agreement that the kettle 
shall last a given number of tons, and are rather anxious to make the 
contract that way. 

There are two German cupel furnaces with double fireplaces. 
They work continuously, and often make cakes of 900 kilos, of silver, 
800 fine, from 25 tons of lead. 

The zinc scums are distilled in retorts exactly similar to those used 
at the Stolberg works, but fired by gas. They made the experiment of 
using retorts holding a ton, but they did not work as successfully as 
the smaller ones. 

There is one silver refining furnace. The parting is done with sul- 
phuric acid and the silver thrown down with iron, of which they have 
the finest kind of button iron. The gold is left to accumulate until 
there is enough of it to treat. The dust in the works is collected in a 
very long canal, which goes up a high hill and ends in a tall chimney. 
On the line of this canal condensing chambers are placed in such a 
way as to make a maximum of surface for a minimum of volume. 
The canal is arched and covered with a roof to shed the rain. It has 
been found that though the arched form is best adapted to resist pres- 
sure from without, it does not stand pressure from within, and it has 
been, for that reason, abandoned for the rectangular form, braced with 
railroad iron. 

Even the slanting roof can only be kept tight with difficulty. It 
is constantly cracking. It has been found most important to have 
surface and not volume. Sheets of common iron are placed in the 
flues, simply hung on a bar 10 mm. apart ; to hold the sheets two holes 
are punched near the ends on opposite sides, and a hook made of a 
piece of bent iron riveted on both sides. The supports are placed 
one metre apart, and the sheets dropped on to them ; from time to 
time a sheet is placed across so as to leave a passage above and 
below. 

The quantity of material collected has been found to increase 
with the surface exposed. A very large chamber is used near the 
works. Against the chimney they tried to use the peak of the roof 
as a chamber, but it was found to be entirely impracticable, as the 
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roof broke continually from expansion, though the iron rafters were 
only attacked when they were wet. The canals are cleaned when the 
furnaces go out of blast. About fifteen days before, shavings are thrown 
into the canal — a single match would do it — to burn the dust. There 
is but little sulphur, but a large amount of very fine coal. This takes 
fire easily, and when the furnaces go out it is removed from the man- 
holes, agglomerated, and is quite white if thoroughly burned ; if not, 
there are little central black parts. The burning removes all danger 
to the men from the dust. 

The man-holes were formerly made on the top of the canal. 
They are now made entirely on the side, and at such distances that 
the men can easily go in and out. It is found that but very little 
silver is carried beyond the condensation chambers. 

The experiments made here show that neither vertical nor hori- 
zontal zigzaging increases the yield, and that it is surface and not vol- 
ume that gives the greatest effect. 

The total result of the treatment for a forty per cent, ore has been : 

Obtained directly from the fiumace 32.8, or 82 per cent. 

Obtained from the flue dust 3. 2, or 8 per cent. 

Loss in the slags thrown away 1.2, or 3 per cent. 

Loss by volatilization in the gas 2.8, or 7 per cent 

40.0, or 100 per cent. 

The works make bread for the men, and have shops where they 
can get what they want at cost. They are compelled to purchase 
what they need on the grounds of the company, as it is taken for 
granted that if they do not care about this they do not care about the 
works. The result has been that a number of workmen are now pros- 
perous and out of the hands of the Jews who have never been so 
before. 

The baking furnace is made by Wieghart & Son, of Hamburg. 
It is a hot-water furnace with tubes filled with water above and below, 
and between them the bread is run in on an iron chariot. These tubes 
are filled by the firm, and when worn out other sets must be got from 
them, as they keep their manufacture secret. The tubes do not burst 
but they wear out as the iron oxidizes. The tubes project about 0.25 
m. into the fireplace, above and below. The fireplace is the width of 
the furnace and about 0.50 m. deep. The depth of the grate is slight 
The outside of the furnace is 5 m. long, 3.5 m. wide, and 2.75 m. high. 
The bread-pan is almost touched by the tubes below, and the bread 
by those above. The heat is raised to 210 degrees, and kept there as 
long as necessary. There is a clock in the front of the furnace to 
tell how long the bread has been in. The bread made is perfectly 
uniform, no traces of burning being anywhere visible. The mixing of 
the dough is done by hand. It should be done by machinery, when 
the whole of it could be done at once, 250 loaves requiring not more 
than 15 to 20 minutes. The bread is of good quality, the proprietors 
themselves using it T. E. 
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Owing to the large size of the lower classes and the changes in 
the course, by which the students have Qualitative Analysis the first 
year and Quantitative the second, the laboratories upstairs are filled 
to their utmost capacity, and the fourth-year chemists have been 
forced to move down into the Assay Laboratory. 

At a meeting of the council of the American Society of Mechani- 
cal Engineers, held in New York on February 15th, Professor F. R. 
Hutton, of the School of Mines, was elected Secretary of the Society. 
It will put a great deal of extra work through his office, but will no 
doubt be of interest and service to him in his school work. The 
papers and drawings which he will be able to examine and reproduce 
will add very much to the atmosphere of current professional work, 
which is so desirable in a technical school. Professor Hutton will 
probably open an office, to serve as headquarters for the Society, at 
No. 15 Cortlandt Street, in the Smith Building. 

There seems to be some excitement on the subject of deficiency 
in Quantitative Analysis. Professor Chandler is reported as saying 
that he knew of no deficiencies in that subject among the fourth-year 
mining engineers, and Professor Trowbridge says he will require all 
the time between March ist and the end of the term to be devoted to 
engineering work. The students, however, seem to think it the wiser 
policy to make up their work on that subject if possible. 

Engineering Society. 

Professor Hutton's lecture on **The Growth of the Locomotive 
Engine," which was delivered while our last number was in press, 
deserves more than the mere mention there made of it. The subject 
was not so attractive to the lady friends of the Engineering Society as 
the transit of Venus, although there were a goodly number among 
the audience which filled the room, but his treatment of it was such 
as to make it interesting to all. Professor Hutton's appreciation of 
the humorous side of things, and his original way of putting them, 
would make even the metallurgy of lead enjoyable. 

Professor Chandler will deliver a lecture before the Society, March 
9th. Subject : Ceramics. 

Professor Trowbridge will lecture on Sanitary Engineering, 
April 6th. 

At the regular meeting of the Engineering Society, held January 
19th, the election of officers for the ensuing term resulted as follows : 
Presidcfii, G. A. Suter, '83 ; Vice-Presidents, R. Adams, '^^y E. G. 
Barratt, '84 ; Secretary^ D. E. Moran, '84 ; Treasurer , T. E. Snook, 
'84. * After the election the debate on the subject, ** Resolved, That 
the Single Cylinder Engine is More Efficient than the Compound 
Engine," took place as stated in the January number, and Mr. G. H. 
Abeel read an interesting paper on "The Lake Superior Copper 
Mines." 
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We understand that at the last meeting of the Board of Trustees, a 
resolution was passed effecting an important change in the Chemical 
Department of the School. It provides for the establishment in this 
department of four fellowships, of $500 per annum each, the incumbents 
of which are to be appointed from among the graduates of the School, 
and are to hold the position for one year only. Three of these Fellows 
will take the places of the present assistants in the Qualitative, Quan- 
titative, and Assay laboratories, while the fourth will serve as assistant 
in general chemistry. The time not occupied by their work as assis- 
tants may be devoted to research and original investigation, for the 
purpose of securing the degree of Doctor of Philosophy. 

The establishment of these fellowships fills a want long felt in the 
School, and will prove of great value in promoting diligence and care 
on the part of the students in their work, for the manifestation of these 
qualities will undoubtedly influence the trustees in their selection of 
the Fellows. It yet remains to be seen, however, whether on the one 
hand the work of the Chemical Department as a whole will be facili- 
tated by the frequent changes in t\ie personnel of the assistants, which 
the provisions of the resolution render necessary, while, on the other 
hand, it is to be feared that the amount of time at the disposal of the 
Fellows for the prosecution of original work will be extremely limited, 
if they fulfil in any proper degree the duties devolving upon them as 
assistants. At present the three laboratories are taxed to their fullest 
capacity, and the time of the assistants is completely filled up in at- 
tending to the needs of the students. Nor can it be doubted that the 
familiarity of the assistants with their duties, and their knowledge of the 
students' wants, derived from experience as it can be from no other 
source, is of great value in promoting the rapidity and accuracy of the 
students' work in the laboratories. 

That the trustees have done an eminently wise thing in the estab- 
lishment of these fellowships cannot for a moment be gainsaid, and 
their action must meet with the hearty approval of ewery true friend 
of the School. In view of the facts cited, however, the advisability of 
supplanting the regular assistants by the incumbents of the fellowships 
may perhaps be open to question. 

In describing the new School of Mines building, iu our last number, 
we mentioned the fact that the Assay Laboratory was to be extended 
through to Fourth Avenue, thus occupying the north end of the new 
building. The trustees, in accordance with plans laid before them by 
Dr. Ricketts, have empowered him to erect in the space thus gained a 
small but complete plant for sampling, milling, and smelting gold and 
silver ores, in lots of one ton or less. 

The present course in assaying, while affording the student a 
thorough theoretical knowledge of the subject, and giving him full 
practice in the assay of hand samples, does not and cannot teach him 
how to draw these samples, either from large lots of ore or during 
the course of metallurgical treatment Yet this sampling is at least 
equal in importance to the actual assay, and the contemplated addi- 
tions to the Assay Laboratory, affording, as they do, the means of 
teaching it in a thorough and practical manner, need no comment as 
to their usefulness and the benefit which the students will derive from 
them. 
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The Board of Managers of the Alumni Association has authorized 
the secretary to carry out the arrangements for the establishment of 
a sort of " Employment Bureau," as mentioned in our last number. 
Graduates desiring to co-operate in the plan proposed should there- 
fore notify the secretary — those who wish assistants, of the places va- 
cant, and the kind of men they want, and those out of positions, of 
their addresses, and the fact that they are desirous of obtaining em- 
ployment 

The following circular will be distributed among those graduates 
as places offer : 

Dear Sir — There is an application in my hands for 

In case you wish to apply for the positions, please notify me at once. 

It is proposed to establish a kind of ** Employment Bureau" in connection with 
the Alumni Association, by which graduates making application to the secretary 
will receive notice at once, by circular or telegraph, of positions as they are offered. 
In case you desire to receive such notification regularly, please let me know at once, 
and further details of the proposed plan will be communicated. 

Respectfully, 

P. DE P. RiCKETTS, Secretary. 

The proposed amendments to the constitution of the Alumni As- 
sociation were discussed and adopted by the Board of Managers at a 
special meeting held February 21, 1883. A committee was appointed 
to arrange for a meeting of the Association in April, as required by the 
amended constitution. Our readers will remember that the proposed 
amendments were given in full in our last number ; but we deem it 
desirable to call special attention to the fact that the annual dues can 
now be commuted by the payment of $30 at any one time, such 
payment being in full for a life membership. 

Apropos of the recent changes in the constitution of the Alumni 
Association, it may be interesting to note that Prof. Church, one of 
the original members of the Association, writes : " I think them in 
good time and wise.'* 

Herman Garlichs, Class of '80, has been, we are informed, ap- 
pointed Assayer to the Aurora Smelting Works, Aurora, 111., of which 
Mr. Wm. H. Van Arsdale, one of our most experienced graduates, is 
vice-president. We congratulate Mr. Garlichs upon his appointment, 
as it is a matter of record that Mr. Eurich, who is also interested in 
the Aurora Works, is one of our most practical metallurgists, while 
the School of Mines men, whom he has had to assist him in the past, 
all now hold responsible positions as superintendents of smelting 
works. 

18 
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We regret to learn that the firm of Behr Bros., of which Edward 
Behr, C. E., Class of '77, is a member, have been sufferers from fire 
in their piano manufactory. We trust the insurance is sufficient to 
cover the loss. 

Geo. Singer, Jr., Class of '80, whose address in our last number 
was given as Wilkinsburg, Pa., is now in Japan. His letters should 
be directed — Care of Singer, Nimmick & Co., Pittsburg, Pa. 

We are informed by the Secretary of the Alumni Association that 
he is in receipt of several letters similar to the following : 

Omaha, December 5, 1882. 
.... What has become of the Quarterly ? About two months ago I 
sent a letter enclosing subscription for coming year, and expected a number some 
time during November, but have heard nothing of the receipt of my letter, nor 
have I seen a copy of the Quarterly. Will you kindly refer the matter to the 
editor, and have my name put on his subscription list ? 

We beg to remind our graduate subscribers that the Quarterly 
is issued only during the school year, so that between the May num- 
ber and the first number in the Fall there is necessarily an interval of 
five months, even if the latter number appear on time. Unfortu- 
nately, there has been some delay, both in our November and Janu- 
ary numbers, which has probably caused the trouble. We will use 
every effort to prevent its recurrence. 

Want of space crowded out our alphabetical list of graduates in 
the January number. 



LOCATION OF GRADUATES. 

The following list of graduates, arranged according to locality, is 
interesting as showing how widely scattered are the School of Mines' 
men. It has been compiled with two objects — first to inform those 
who are travelling about this country, and over the world, where they 
may expect to meet fellow-graduates, and second, to infonn the older 
graduates of the whereabouts of the younger men in their vicinity (and 
vice versa) that they may be enabled to make each others' acquaint- 
ance. For exact address in each case the reader is referred to the 
Graduate List published in this number. 

Brazil. — Gordon, '71 ; Barros, '77; JordAo, '77. 

Cuba. — Brinckerhoff, '78 ; Francke, '80. 

Central America.— 3'fl/ra</<v; Parker, '80. 

England — London: Greene, '80. 

Germany.— Marsh, '79; Navarro, *8o; Weichmann, *8i ; Caiman, '82; Witt- 
mack, '82. 

Japan.— Hasegawa, '78; Matsui, '78: Nambu, '78; Singer (G., Jr.), '80. 

Mexico.— JVfl/^ of Chihuahua : Holbrook, ^76 ; Leggett, '79 ; Sheldon, '79. 
Culiacan: Roberts, '81 ; Swain, '81. San Luis Potosi : Perry, '78. Sonora: 
Olcott, '74; Bush, '81. 

Peru.— Pazos, '78. 
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Alabama.— Nobk, '79. 

Arizona. — Cii/t^n : lindsley, '70. Giobe : Devereaux, ' 78. Tombstone : Churcb, 

'67; Van Blarcoin» '76; Emrich, *82. 
California.— -5t;<//>; Marker, '79. Mexico: Thachcr, '77. North Bloomfield : 

Radford, *77. North San Juan: Browning, '80. Oakland: Noycs, ^75 ; 

Downing, '78. Szn Francisco : Adams, '67 ; Lillienthal, '70. 
Colorado. — Animas Forks: Ihlseng, '77. Colorado Springs: Parsons, '68; 

Strieby, '78. Denver : lies, '75. Georgetown : Parker, '78 ; Page, '82. 

(7<»/(^« ; Ihlseng, *75 ; Tilden, '/d Gunnison Ci/y: Cornwall, '76. Idaho 

Springs: Raymer, *8i. Irwin: Reed, '77. Kokomo: Cloud, '79. Lead- 

ville: Van Wagenen, '70 ; Murray, '74 ; Bruen, '76 ; Helleberg, '77 ; Nichols, 

*77 ; Fernekes, '78. Afontezuma : Lawrence, '78. Nevadavilte : Craven, '76; 

Cornwall, '79. Telluride: Mathis, '79. 
CoiiH^CTiQiJT.—Collinsville: Hill, *82. Portland: Ingersoll, '7a Weathers 

field : WUliams, '81. 
District of Columbia. — IVashington: Shumway, *82 
Idaho. — Galena : McCulloh, '78. Ketchum : Austin, '76. 
Illinois. — Aurora: Van Arsdale, '68; Garlicho, '80. Bloamington: Tuttle, '67. 

Chicago: Giddings, '67. Cummings : Stockwell, '82. 
Indiana. — Terre Haute: Colton, '73. 
Kentucky. — EHzabethtown : Reed, '79. 
Louisiana. — New Orleans : Stewart, '75 ; Eastwick, '79. 
Massachusetts.— i5w/^« ; Schack, '68 ; Hunt, '76; Hollerith, '79. Cambridge : 

Dunham, '81. Newburyport : Thompson, '75. 
Michigan. — Ann Arbor: Joy, '75. Delaware Mine P,0.: Klepetko, *8o. 

Ishpeming : Fitch, '82. Marquette : Wetmore, '75. Menominee County : 

Cady, '77. 
Missourl — St, Louis : Potter, '69; Riggs, '71 ; Wheeler, '80. Ironton : Munroe, 

'79. 
Montana.— /Tir/fWtf .• Nettre, '69. Walkerville : Bleecker, '81. 
Nebraska.— 0/««^ .• Hoyt, '76. 
Nevada. — Winnemucca: Van Lennep, '67. 
New Jersey. — Dover: Canfield, '73. Jersey City: Booraem, '78 ; Downs, 

'82. Newark : Pool, '75 ; Murphy, '78 ; Starr, '79 ; Stone, '79 ; Sands, 

'82. New Brunswick: Austen, '72. Orange: Williams, '74. Oxford: 

Robertson, '68. Princeton: Cornwall, '67. Tomkins Cove: Roberts, '71. 
New Mexico. — Fort Wingate: Wilson, »8i. Georgetoivn : Smalley, '80. Silver 

City: Ross, '76. Tombstone: Judd, '81. 
New York.— ^i(^<i^; Karr, '78. Brewstersi Ruttman, '80; lUig, '82; Payne, 

'82; Vondy, '82. Catskill : Meserole, '81. Furnaceville : Parrot t, '70. 

Hamilton College: Chester, '68. Hoosic Falls : Johnson (I. B.), '79. Ithaca: 

Newberry, '78. Mechanicsville : Douglas, '8i. Port Jervis : Parsons, '82. 

Potsdam: Heath, '67. Rye: Wamwright, '82. Staten Island: Wheeler, 

'68; Wardlaw, '76. Spuyten Duyvil : Johnson (E. M.), '78; Johnson (G. 

H.), '78. 
New York City and Brooklyn. — 

'67 — Bridgham, Brown, Brownson, Gracie, Hale, Harmer. 

»68 — Barnard, Baxter, Carson, Courscn, Geer, Pistor, Piatt, Schermerhom, 
Smith (L.), Smith (W. A.), Stallknecht. 

'69~Bruckman, Hooker, Jenney, Munroe, Randolph. 

'70— Haight, Waller. 

'71 — Fales. Goldschmidt, Ricketts. 

'72— McDowell, Sloane, Wendt. 

'73— Mott, Webb, Williams. 

'74 — Allen, Benedict, Cameron, Rees. 

'75— Jackson, Leavens, Macy, Pfister, Rees, Rolker, Russell, Tucker, Wells. 

'76 — Garrison, Gratacap, Hall, Hamilton, Hutton, King, Love, Maghee, 
Morewood, O'Grady, Randolph, Wallbridge. 

»77 — Beard, Behr, Buckley, Canfield, Caldwell, Colby, Constant, Cornell, 
Floyd, Hildreth, Mackintosh, Murphy, Norris, Rogers, Sage, Smeaton, 
Smythe, Van Boskerck, Waterbury. 

'78 — Benjamin, Butler, Cushman, Davis, Drummond, Elliott, Haas, Hodges, 
Holden, Morewood, Morris, Munsell, Noyes, Owen, Palmer. 

'79— Britton, DeLuze, Haflfcn, Hathaway, Hollick, Johnston, Mayer, Merwin, 
Neftel, Nesmith, Rutherfurd, Suydam, Williams. 
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New York City and Brooklyn. — 

•80 — Beebe, Benjamin, Brugman, Butler, Churchill, Clark, Elliott, Engd, 
Greenleal, Hallock, Hendricks, Hooper, Hopkc, Hudson, Kunhardt, 
Mattison, Merritt, Parks, Robinson, Torrey, Walker. 
♦81 — Andresen, Braschi, Colby, Elliott, Hemmer, Leary, Ledoux, Little, 
Neyman, O'Connor (M. J.), O'Connor (T. D.). Pitkin, Sawyer, Share, 
Stearns, Tut tie, Van Sinderen, Vult^, Williams. 
'82 — Conant, Cooper. Crocker, Dougherty, Downes, Feuchtwanger, Jouct, 
Moses, Oothout, Powers, Staunton, Toucey, Tiaphagen, Wanier, Ward, 
White, Young. 
North Carolina.— C>4ar /<?///; Hanna, '68. 
0^10. — Cleveland : Foote, '76. Columbus: Lord, '76. Glendale: Going, '82 ; 

Porter, '82. Oberlin: Wright, '75. Youngstawn: Meissner, '80. 
Oregon. — Griswold, 'Si. 

Pennsylvania. — McKeesport : Tonn^l^, '80. Philadelphia: Lillie, '74. /V//j- 
^«r^; Robertson, '71 ; Singer (G. H.), '80. Riddlesburg: Kelly, '77. Scran- 
ton : Moffatt, '68. Shamokin : Ludlow, '79. IVest Middlesex : Aschmann, '8l. 
Rhode Island.— AV?*'/^/; Putnam, '75 ; Willis, '78 ; Richmond, '81. 
South Ckkoia^ a.^ Charleston : Chazal, '81. 

Tennessee.— A^<tw//z//y/^; Campbell, '69. Tracy City: Merwin, '79. 
Texas. — San Antonio: HoUis, '78. 
Vtkh,— Park City: Rhodes, '79; Wilson, '82. Salt Lake City: Knapp, '70; 

Terhune, '70 ; Rhodes, '74 ; Schneider, '76 ; Furman, '8l. 
ViVLGii^w.— Backbone: Lyman, '78. Falls Mills : Starr, '8 1. 
Wisconsin. — Madison: Irving, '69. 
Wyoming. — Kawlins : Blydenburgh, '78. 

LIST OF GRADUATES. 

1867. 

John Magnus Adams, A.B., A.M., E.M., Mining and Mechanical Engineer, 

Agent for Frue Vanner, etc., 109 California Street, Room 7, San Francisco, 

Cal. 
Samuel Willard Bridgham, E.M., 49 West Twenty-third Street, New York City. 
Francis Gordon Brown, E.M., Merchant, 116 East Twenty-.seventh Street, New 

York City. 
Ettward Stelle Bronson, A.B., A.M., E.M., Prospect Park, Brooklyn. House, 

144 Hicks Street. 
John Adams Church, E.M., Ph.D., Superintendent Tombstone Mill and Mining 

Co., Tombstone, Arizona. 
Henry Bedinger Cornwall, A.B., A.M., E.M., Professor of Analytical Chemistry 

and Mineralogy, College of New Jersey, Princeton, N. J. 
Edward Everett Giddings, E.M., Merchant, 21 Metropolitan Block, Chicago, 111. 
Charles King Gracie, A.M., E. M., 71 Broadway, New York City. 
Albert Ward Hale, A.B., A.M., E.M., Civil and Mining Engineer, 71 Broadway, 

New York City. 
Thomas Hayes Harmer, A.B., A.M., E.M., 113 East Thirty-seventh Street, New 

York City. 
Frederic Milton Heath (formerly Petit), E.M., Potsdam, Saint Lawrence County, 

N. Y. 
William Wey Tuttle, E.M., Horticulturbt, care of Baird & Tuttle, Bloomington, 

111. 
David Van Lenncp, E.M., County Surveyor and Assayer, Winnemucca, Humboldt 

Cour/y, Nevada. 

1868. 

Augustus Porter Barnard, E.M. Address, care of D. Van Nostrand, 23 Murray 

Street, New York Ci»y. 
ucorge Strong Baxter, A. B., E.M., Mining and Civil Engineer, Cashier North 

Pacific Railroad, 23 Fifth Avenue, New York City. 
James Pettigrew Carson, E.M., Mining Engineer. Address, 71 Broadway, New 

York City. 
Albert Huntington Chester, A.M., E.M., Ph.D., Childs Professor of Agricultural 

Chemistry, Hamilton College, Clinton, Oneida County, N. Y. 
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George Hampton Coursen. E.M., C. E., 307 Greenwich Street^ New York City. 
George Jarvis Geer, Jr., E.^., Merchant, 453 Broome Street, New York City. 
George Byron Hanna, A.B., E.M., Melter, U. S. Assay Office, Charlotte, N.C. 
•Archibald MacMartin, A.B., A.M., E.M., Editor and Metalhirgist, 168 Fifth 

Avenue, New York City. Died in New York City, May 7, 1881. 
Edward Stewart Moffatt, A.B., A.M., E.M., Assistant General Manager, Lacka- 
wanna Iron and Coal Company, Scranton, Pa. 
George Howland Parsons, E.M., Superintendent of Land Improvement Company, 

Colorado Springs, Col. 
William Pistor, E.M., Hamilton & Pistor, Architects, 35 Broad Street. Residence, 

136 East Thirty-seventh Street, New York City. 
Charles Slason Piatt, E.M., Assayer, 4 Liberty Place, New York City. 
Kenneth Robertson, E.M., Manager Pequest Iron Works, Oxford, N. J. 
Albert P. Shack, E.M., Ministry, 24 Somerset Street, Boston, Mass. 
Frederick Augustus Schermerhorn, E.M., Trustee of Columbia College. Address, 

61 University Place, New York City. 
Lenox Smith, A.B., E.M., Steel Rails, 46 Pine Street, New York City. 
William Allen Smith, E.M., Secretary Iron and Mttal Exchange Company 

(Limited). Address, 16 Exchange Place, New York City. 
Frederick Stallknecht. E.M., Editor, 133 West Thirteenth Street, New York City. 
William Henry Van Arsdale, A.B., A.M., E.M., Vice-Prefident Aurora Smelting 

and Refining Company, Aurora, III. 
Moses Dillon Wheeler, A.B., E.M., P. O. Box 231, Stapleton, Richmond County, 

Staten Island. 

1869. 

• Thomas Monahan Blossom, A.B., A.M., E.M. Died, October, 1876, in Cali- 

fornia. 
Frederick Bruckman, E.M., 125 East Eighth Street, New York City. 
Alonzo Clarence Campbell, E.M., Chemist and Mining Engineer, 227 Shelby 

Avenue, Nashville, Tenn. 
William Augustus Hooker, A.B., A.M., E.M., Consulting Geologist and Mining 

Engineer ; office, 2 Wall Street, New York City. 
Roland Duer Irving, A.M., E.M., Ph.D., Professor of Geology and Mineralogy 

in the University of Wisconsin, and United States Geologist in charge of 

survey of crystalline rocks of the Northwestern States. 
Walter Proctor Jenney, E.M., Ph.D., Consulting Engineer and Geologist. Ad- 
dress, care of S. Jenney & Son, 128 Pearl Street, New York City. 
Henry Smith Munroe, E.M., Ph.D., Adjunct Professor in Surveying and Practi- 

cal Mining, School of Mines, Columbia College, New York City. 
I^ionel Robert Nettre, E.M., Superintendent of the Gregory Consolidated Mining 

Company, Helena, Lewis and Clarke County, Mont. 

• Henry Newton, A.B., E.M., Ph.D. Died, August 5, 1877, at Deadwood City, 

Dak. Ter., while occupied as Assistant Geologist of Black Hills Expedition. 

William Bleecker Potter, A.B., A.M., E.M.. Professor of Mining and Metal- 
lurgy, Wa.shington University, St. Louis, Mo. 

John Cooper F. Randolph, A.B., A.M., E.M., Consulting Engineer, 35 Broad- 
way, New York City. 

1870. 

Ogden Haight, E.M., Stock Broker, 38 Broadway, New York City. 

William Halsey Ingersoll, A.B., A.M., LL.B., E.M., United States Stamping 

Company, Portland, Conn. 
John Augustus Knapp, A.B., A.M., E.M., General Manager Mingo Furnace, P. 

O. Box 515, Salt Lake City, Utah. 
John Leo Lilienthal, E. M., P. O. Box 1058, San Francisco, Cal. 
Stuart Lindsley, E.M., Superintendent Detroit Copper Company, Clifton, Ariz. 
Edward Moore Parrot, E.M., Manager of the Furnaceville Iron Company, Fur- 

naceville. Wayne County, N. Y. 
Richard Henry Terhune, E.M., Superintendent of the Morgan Silver Smelting 

Company, Salt Lake, Utah. 
Theodore Francis Van Wagenen, E.M., General Manager Twin Lakes Consoli- 
dated Gold Placer Mining Company, Leadville, Col. 
Elwyn Waller, A.B., A.M., E.M., Ph.D., Instructor in Analytical Chemistry, 

School of Mines, Columbia College, and Chemist to the New York Board of 

Health, New York City. 
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1871. 

William E. S. Fales, E.M., LL.B., Counsellor-at-Law, 189 Montague. Street, 
Brooklyn, N. Y. 

Samuel Anthony Goldschmidt, A.B., E.M., Ph.D., Manuiacturing Chemist, Co- 
lumbia Chemical Works, 66 Water Street, Brooklyn, N. Y. 

John Gordon, Jr., E.M. Address, care E. Johnson & Co., Rio Janeiro, Brazil. 

Pierre de Peyster Ricketts, E.M., Ph.D., Instructor in Assaying, School of Mines, 
Columbia College. 

George Washington Riggs, Ph.B., Chemist, Potter & Riggs, Washington Unifer- 
sity, St. Louis, Mo. 

Gracie Sayre Roberts, E M., C.E., New York, Ohio & Western Railroad, Tom- 
kins Cove, Rockland Co. , N. J. 

Richard Spotswood Robertson, Jr., E.M., with Carn^ie Bros. & Co., Pitts- 
burg, Pa. 

1872. 

Peter Townsend Austen. Ph.B., Ph.D., F.C.S., Professor of General and Applied 
Chemistry, Rutgers College, New Brunswick, N. J. 

* Frank B. Jenney, EM. Died in Trinidad, 1876, while engaged as Superinten- 
dent of the Orinoco Exploring Company. 

Frederick H. McDowell, E.M., Beckett & McDowell, 120 Liberty Street, New 
York City. 

Thomas O'Connor Sloane, A.B., A.M., E.M., Ph.D., Chemist, 119 Pearl Street, 
New York City. 

Arthur F. Wendt, E.M., C.E., Consulting Engineer, 10 Cedar Street, New York 
City; residence, 414 East Fifty -first Street. 

1873. 

Frederick A. Canfield, A.B., A.M., E.M., Consulting Engineer, Dover, N. J. 

Charles Adams Colton, E.M., Professor, Rose Polytechnic Institute, Terre Haute, 
Indiana. 

Henry Augustus Mott, Jr., E.M., Ph.D.. Mining Engineer and Analytical Chem- 
ist ; 61 Broadway, Room 56, New York City. 

Henry Walter Webb, E.M., Broker; residence, 14 West Thirty-eighth Street, 
New York City. 

John Townsend Williams, E.M., Ph.B., East River Chemical Works, Forty-fourth 
Street and East River, New York City. 

1874. 

Charles Sumner Allen, Ph.B., M.D., Practising Physician, 104 East Eighty-fifth 

Street, New York City. 
William de Liesseline Benedict, E.M., Benedict & Cole, 63 Broadway, New York 

City. 
John Gedney Mott Cameron, E.M., C.E., Assayer, Spears & Howard. Address, 

Fifty-fifth Street and Madison Avenue, New York City. 
Samuel Morris Lillie, E.M., Chemist, Harrison, Havemeyer & Co., loi South 

Front Street, Philadelphia ; residence, 307 Pine Street, Philadelphia, Pa. 
George Murray, E.M.. General Manager Amer. Mining and Smelting Co., Lead* 

ville, Colorado. City address, 235 West Twenty-third Street, New York City. 
Eben Erskine Olcott, E.M., Superintendent St. Helena Gold Mine, Delicias, So- 

nora, Mex. Address, iii West Thirteenth Street, New York City. 
Benjamin Franklin Rees, E.M., Merchant, 37 Ferry Street, New York City. 
Francis Bell Forsyth Rhodes, E.M., Superintendent Mingo Works, near Salt 

Lake, Utah. 
Frederick Harrison Williams, E.M. Care of W. Williams, Orange, N. J. 

1875. 

Magnus C. Ihlseng, E.M., C.E., Ph.D., Prof, of Engineering, State School of 

Mines, Golden, Col. 
Malvern Wells lies. Ph.D., Metallurgist. Grant Smelting Company, Denver, CoL 
Charles Edward Jackson, C.E., Division Engineer, Manhattan Railroad Com- 
pany, 60 Gold Street, New York City, 
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Doaglas Arad Joy, E.M., Assistant iii Chemistry, University of Michigan, Ann 

Arbor, Mich. Temporary address, 154 West Twenty-second Street, New 

York City. 
•Robert Schuyler Lamson, C.E., Major in the Eg}'ptian Army. Died at Darbour, 

Upper Egypt, 1876. 
Harry Wen man Leavens, E.M. Care of Frederick Leavens, 835 Broadway, New 

York City. 
Arthur Macy, Ph.B., C.E^ Address, 609 Lexington Avenue, New York City. 
William Skaats Noyes, E.M., Oakland, Cal. 

Philip Charles Pfister, E.M., Black & Pfister, 142 Maiden Lane, New York City. 
Franklin Pool, E.M., Chemist, Celluloid Manufacturing Company, Newark, N. J. 
Bayard Taylor Putnam, E.M., Northern Trans-continental Survey, Newport, R, I. 
John Krom Rees, A.B., A.M., E.M., Adjunct Professor in Geodesy and Practical 

Astronomy and Director of the Observatory, Columbia College, New York 

City. 
Charles M. Rolker, E. M. , Mining Engineer, 63 Broadway, New York City. Re- 
sidence, 302I Livingsttm Street, Brooklyn, N. Y. 
Samuel Howland Russell, E.M., 417 Fifth Avenue, New York City. 
Hunter Stewart, E.M., Civil Engineer, P. O. Box 1366, New Orleans, La. 
Milton Strong Thompson, Ph.B., Chemist, Chrolithion Manufacturing Co., New- 

buryport, Mass. 
John Henry Tucker, Ph.D., Supt. Philadelphia Sugar Refinery, 225 Church Street, 

Phila.. Pa. 
James Simpson Chester Wells, Ph.D., Instructor in Analytical Chemistry, School 

of Mines, Columbia College. 
Edwin Aiwater Wetmore, E.M. Care of E. A. Wetmore & Co., Iron Merchants, 

Marquette, Mich. 
Albert Allen Wright, A.B., A.M., Ph.B., Prof. Geology and Natural History, 

Oberlin College, Obcrlin, O. 

1876. 

Thomas Septimus Austin, E.M., Philadelphia Mining and Smelting Co., Wood 

River District, Ketchum, Idaho. 
Frederick Everett Bruen, E.M., C.E., Robinson Consol. Mining Company. 

Address P.O. Box 16, Leadville, Col. 
Francis Sanderson Craven, E.M., C.E., Supt. Gold Hill Mining Company, 

Nevadaville, Bald Mountain P.O., Gilpin Co., Col. 
George Rockwell Cornwall, E.M., C.E., Mining Engineer, Gunnison City, Col. 
Herlirt Carrington Foote, C.E. , Professor of Chemustry, Central High School. 

Address, 37 Arlington Court, Cleveland, O. 
Edmund Hyatt GarrLson, E.M., C.E.. Asst. Treas. Central Park and E.R.R.R. 

Co., Tenth Avenue and Fifty-third Street, New York City. 
Louis Benton Gratacap, Ph.B., M.A., Curator Am. Museum of Natural History, 

Central Park. Address. 81 Gold Street. New York City. 
Robert William Hall, E.M., Mining Engineer, 3 W. Fifty-sixth Street, New 

York City. 
Schuyler Hamilton, Jr., A.B., A.M., E.M., Architect, 35 Broad Street, New 

York City. 
Francis Newberry Holbrook, C.E., Superintendent Corralitos Mining Company, 

Corralitos, Chihuahua, Mex. Address, care J. P. Holbrook, 254 Broadway, 

New York City. 
Walter Lowrie Hoyt, E.M., C.E., Chemist and Assayer, Omaha Smelting and 

Refining Company, Omaha, Neb. 
Frederick Fumeaux Hunt, E.M., C.E., 4 Pemberton Square, Boston, Mass. 
Frederic Remsen Hutton, A.B., A.M., E.M., C.E., Ph.D., Adjunct Professor in 

Mechanical Engineering, School of Mines, Columbia College. Address, 6 W. 

Thirty-thu-d Street, New York City. 
Charles King, Ph. B. , Real Estate and Insurance, New York City. 
Nathaniel Wright Lord, E. M. , Professor of Mining and Metallurgy, Ohio State 

University. Columbus, Ohio. 
Edward Gurley Love, A.B., A.M., Ph.D., Tester of ill. gas, Dept. of Public 

Works, New York City; Examiner in Chem. , College of Physicians and Sur- 
geons. Address, School of Mines, Columbia College. 
John Holme Maghec, A.B., A.M., C.E., 16 East Fifty-fourth Street, New York 

City. 
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Henry Francis Morewood, E.M., Importer, 34 South Street, New York City. 
James William 0*Grady, E.M., C.E., Home Street, opposite Villa Place, Morris- 

ania, New York. 
James Fitz Randolph, EM., C.E., Supt. N. Y. and Long Branch R. R., 119 Lib- 

erty Street, New York City. 
William Coleman Ross, E.M., C.E., Silver City, Grant Co., New Mex. 
Albert Francis Schneider, E.M., C.E., Supt. Germania Smelting and Refining Co., 

P. O. Box 748, Salt Lake City, Utah. 
George Cyrus Tilden, C.E., Mining Engineer, Golden, Col. 
Elbert Champlin Van Biarcom, C.E., Tombstone, Ariz. 
Augustus Clark Walbridge, E.M., C.E., 71 Downing Street, Brooklyn, N. Y. 
James Robert Wardlaw, C.E., Village Engineer, Castleton, S. I. 

1877. 

Louis de Sonza Barros, C.E., E.M., San Paulo, Brazil. 

James Thorn Beard, E.M., C.E., 103 St. James' Place, Brooklyn. 

Edward Behr, C.E., Piano- Manufacturer, 42 Union Square, New York City. 

Charles Ramsay Buckley, A.B., A.M., E.M. Address, 66 Broadway, Room 56, 

New York City. 
Linus Bertram Cady, E.M., C.E., in Michigan. Address, 234 West Thirty-eighth 

Street, New York City. 
Augustus Cass Canfield, E.M., 60 West Fifty-fourth Street, New York City. 
John Britton Cauldwell, C.E., 6 East Forty-ninth Street, New York City. 
•Henry Gilbert Clark, KM., C.E., late Supt. Cortez Mining and Milling Co., 

Aurora, Nev. Died of typhoid fever, August 2, 1 88 1. 
Charles Edwards Colby, E.M., C.E., Private Assistant to Professor C. F. 

Chandler. Address, •Fiftieth Street and Fourth Avenue, New York City. 
Charles Louis Constant, E.M., C.E., T. J. Hojer & Co., Paints, 936 Third 

Avenue, New York City. 
George Birdsall Cornell, E.M., C.E., Civil Engineer. Address, 46 West Forty- 
eighth Street, New York City. 
Frederick William Floyd, E.M.,C.E., OregoH Iron Works, 738 to 744 Green- 
wich Street, New York City. 
Frank Stuart Helleberg, C.E., Assayer and Chemist, Cummings & Finn Smelting 

Works, Leadville, Col. 
Walter Edwards Hildreth, E.M., C.E., Consulting Engineer, 52 Broadway, New 

York City. 
Axel Olaf Ihlseng, B.S., E.M., C.E., Mining Engineer, Animas Forks, CoL 
Josfc Nabor Pacheco Jordao, C.E., E.M., Ph.B., Paulista Railroad, San Paulo, 

Brazil. 
William Kelly, A.B., E.M., Superintendent Kemble Coal and Iron Co., Rid- 

dlesburg, Bedford County, Penn. 
James Buckton Mackintosh, E.M., C.E., Private Assistant to Dr. Egleston, School 

of Mines, Columbia College, New York City. 
John Glenvil Murphy, E.M., C.E. Murphy & Co. Address, 231 Broadway, New 

York City. 
Ralph Nichols, E.M., C.E., Chemist, La Plata Smelting and Mining Company, 

Leadville, Col, 
Dudley Hiram Norris, E.M., Lawyer, 35 Wall Street, New York City. House 

address, 112 Lafayette Avenue. Brooklyn. 
♦James Robert Priest. E.M.. C.E., School Teacher and Surveyor, Greenville, 

Sinon County, Liberia, Africa. Died, 1880. 
William Helsham Radford, E.M., North Bloomfield, Nevada Co., Cal. 
Sylvanus Albert Reed, A.B., E.M., Gunnison Crushing and Sampling Works, Rose, 

Reed & Co., Irwin, Gunnison County, Col. 
Charles Louis Rogers, E.M., C.E., 39 Broadway, New York City. 
Edward Eugene Sage, C.E., Assistant Assayer, United States Assay Office, New 

York City. 
William Henry Smeaton, C.E., E.M., Mt. Vernon, Westchester Co., N. Y. 
Roland Mulville Smythe, E.M., C.E., 539 Henry Street, Brooklyn, N. Y. 
Arthur Thacher, E. M., C.E., Progress Mining Company, Lower California. Ad- 

dress, 108 East Thirty-sixth Street, New York City. 
Robert Ward Van Boskerck, C. E., Artist, studio, 337 Fourth Avenue, New York 
City. 
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Cornelius Read Waterbury, C.E., Engineer and Surveyor. Care of Leonard A 
Company, 150 Broadway, New York City. 

1878. 

William James Adams, A.B., A.M., E.M. Address, 709 California Street, Sat 

Francisco, Cal. 
Marcus Benjamin, Ph.B., 132 Nassau Street, Room 20; residence, 43 East Sixty- 
seventh Street, New York City. 
Charles Edward Blydenburgh, A.B., A.M., E.M., Mining Expert and Prospector, 

Rawlins, Wyo. Ter. 
Robert Elmer Booracm, E.M., 370 drove Street, Jersey City, N. J. 
George Charles BrinckerhoflF, E. M. Care Francke & Co., Havana, Cuba. 
Willard Parker Butler, E.M. Care of Maitland, Phelps & Co., 22 Exchange Place, 

New York City. House address, Scarsdale, N. Y. 
Alexander Ramsy Cushman, Ph.B., Ph.D., 128 East Sixteenth Street, New York 

City. 
John "Woodbridge Davis, C.E., Ph.D., Principal, School of Mines Preparatory 

School, IC4 West Forty-second Street, New York City. 
Walter B. Devereux, A.B., A.M., E.M., Superintendent, Takoma Copper Mining 

Company, Globe, Ariz. Address, 219 West Eleventh Street, New York City. 
Isaac Wyman Drummond, E.M., Ph.D., Chemist, F. W. Devoe & Co., 436 West 

Twenty-second Street, New York City. 
Orrien Pinkerton Downing, Ph.B., Drugs, Oakland, Alameda County, Cal. 
Walter Graeme Elliot, E.M., C.E., Ph.D., Elliot & Hooper, Consulting Sanitary 

Engineers. 252 Broadway. House address, 250 West Forty-second Street, 

New York City. 
Anton Fernekes, E.M., Assistant Supt. American Mining and Smelting Company, 

Leadville, Col. 
Harry Leopold Hass, Ph.B., Zucker & Levett Chemical Co., 540 West Sixteenth 

Street, New York City. 
Yothinosuke Hasegawa, E.M., Ph.D., Engineer in Coal Mine. Address University 

of Tokio, Tokio, Japan. 
Henry Albert Hodges, E.M., Chief Clerk, Wm. D. Andrews & Bros., Drive 

Wells, 233 Broadway, New York City. 
Edward Henry Holden, C.E., Surveyor and Civil Engineer, One Hundred and 

Sixty-ninth Street and Boston Avenue, Morrisania. N. Y. 
William HoUis, C.E., Mining Expert, Galveston, Harrisburg & San Antonio 

Railroad, San Antonio, Texas. 
Elias Mattison Johnson, Ph.D., L G. Johnson & Co., Malleable Iron, Spuyten 

Duyvil, N. Y. 
Gilbert Henry Johnson, Ph.B., Chemist, 1. G. Johnson &' Co., Spuyten Duyvil, 

Corydon Powell Karr, Ph.B., 30 Wadsworth Park, Buffalo, N. Y. 

Benjamin Bowden Lawrence, E.M., Superintendent and Mining Engineer, Monte- 
zuma Mining Co., Montezuma, CoL Address, 238 East Thirteenth Street, 
New York City. 

Frank Lyman, A.M., E.M., Manager Stack Mine, Backbone, Alleghany Co., Va. 

Edward Austin McCulloh, Ph.B., Assistant Manager Senate Smelting and Mining 
Co., Galena, Idaho. Address, P. O. Box 2346, New York City. 

Nawokichi Matsui, Ph.D., Instructor in Qualitative Analysis, University of Tokio, 
Tokio, Japan. 

George Barrow Morewood, E.M., Ph.D., Tea Importer, 34 South Street, New 
York City. 

Gouvemeur William Morris, E.M., Myers, Rutherford & Co., 58 Wall Street, 
New York City. 

Charles Edward Munsell, Ph.B., Milk Inspector, New York Health Department, 
128 Worth Street, New York City. Address, Glen Cove, L. I. 

Henry Morgan Murphy, E.M., H. H. Murphy & Co., Varnish Makers, 238 Mc- 
Whorter Street, Newark, N. J. 

Kingo Nambu, E.M., Engineer in Coal Mine. Address, University of Tokio, 
Tokio, Japan. 

Spencer Baird Newberry, E.M., Ph.D., Professor of Chemistry, Agricultural De- 
partment, Cornell University, Ithaca, N. Y. 

Tames Atkin Noyes, Ph.B. Address, 155 Remsen Street, Brooklyn, N. Y. 
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• Owen Frederick OJmsted, C.E. Died at Albany, N. Y., November 21, 1881. 
Frederick Nash Owen, E.M., Assistant Sanitary Engineer, Board of Health. 

Address, 19 West Fifty-sixth Street, New York City. 
Cortland t Edward Palmer, E.M., Engineer, North Brother Island Hospital 

Address, 25 Madison Avenue, New York City. 
Richard Alexander Parker, C.E., Civil and Mining Engineer, P. O. Box, 28, 

Georgetown, Col. 
Vicente Felix Pazos, E.M., 122 Calle Zavala. Lima, Peru. 
Nelson Williams Perry, E.M. Care of A. B. Clark, San Luis Potosl, Mexico. 
William Strieby, A.B., E.M., Professor of Metallurgy and Assaying, Colorado 

College, Colorado Springs, Col. 
Bailey Willis, E.M., C.E., Assistant Geologist, North Trans-continental Survey, 

Newport, R. L 



1879. 

Nathaniel Lord Britton, E.M., Ph. D., Assistant in Geology, School of Mines, 

Columbia College, New York City. 
Leo George Cloud, A,B., E.M., Superintendent Little Chicago Mining Co., 

Kokomo, Summit County, Col. 
Harry Clay Cornwall, E.M., Mining Engineer, Nevadaville, Bald Mountam P.O., 

Gilpin Co., Col. 
Louis Phillipe De Luze, C.E.. 48 Pine Street, New York City. 
George Spencer East wick, C.E., Manager of Sugar ReRnery, New Orleans, La. 

Address, care of Havemeyer & Eastwlck, Jersey City, N.J. 
Louis Francis Haffen, A.M., C.E., Brewer, One Hundred and Fifty-second Street 

and Courtland Avenue, New York City. 
Charles Sumner Harker, E.M., care of Bodie Tunnel Co., Bodie, Cal, 
Nathaniel Hathaway, Ph.B., Private Assistant to Dr. Waller, School of Mines, 

Columbia College. 
Herman Hollerith, E.M., Instructor in Mining Engineering, Massachusetts Insti- 
tute of Technology, Boston, Mass. 
Charles Arthur HoUick, Ph.B., box 128, Port Richmond, S. L 
Isaac Bradley Johnson, E.M., Chemist, Hoosick Malleable Iron Works, Hoosick 

Falls, N. Y. 
Robert Andrew Johnston, C.E., Assistant Sanitary Engineer, New York Board of 

Health. Address, Scarsdale, N. Y. 
Edward Cabet Koch, E.M., care of Little Annie Mining Company, 65 Broadway, 

New York City. 
Thomas Haight Leggett, Jr., E.M., BatopUas Silver Mining Co., Batopilas, Chi- 
huahua, Mex. 
Edwin Ludlow, E. M., Mineral R. R. & Mining Co , Shamokin, Pa. 
Charles Wells Mar^ Ph.B., Student, Berlin, Europe. 
Theophilus Smith Mathis, E.M.; Telluride, Ouray Co., Col. 
Ralph Edward Mayer, C.E., Assistant in Drawing, School of Mines, Columbia 

College, New York City. 
Hubert John Merwin, E.M. City address, 668 Hancock Street, Brooklyn. 
George Fanshawe Milliken, E.M., 120 Broadway, Room 27, New York City. 
Otis Mortimer Munroe, Ph.B., Ironton, Iron County, Mo. Address, loa East 

Forty-fifth Street, New York City. 
Knight Neftel, C.E., Neftel, Churchill & Parks, 39 Broadway, New York City. 
James Nesmith, E.M., 256 Henry Street, Brooklyn, N. Y. 
Charles Milton Noble, E.M., General Foreman Woodstock Iron Works, Annis- 

ton, Ala. 
Robert Dunn Rhodes, E.M., Ontario Mine, Park City (Parley's Park), Utah. 
WiUiam Bell Stephen Reed, E.M., E. & B. S. R. R., Elizabeth town, Hardin 

County, Ky. 
Francis Morris Rutherfurd, E.M. Care W. Rutherfurd, 244 East Thirteenth 

Street, New York City. 
Gardner Hutchinson Sheldon. E.M., Corralitos, Chihuahua, Mex. 
George Cameron Stone, Ph.B., Chemist, New Jersey Zinc and Iron Co., Newark, 

N. J. Address, 127 Madison Avenue, New York City. 
Henry Fowler Starr, Ph.B., Chemist, Newark Steel Works. Address, 91 Mount 

Pleasant Avenue, Newark, N. J. 
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•Francis Barctto Stewart, Ph.B. Died of typhoid fever, at Harlem, N. Y., August, 

1879. 
John Richard Suydam, Jr., £.11., 43 East Twenty-second Street, New York City. 
Granville Whittlesey Williams, 388 Clinton Street, Brooklyn, N. Y. 

i88a 

Alfred Lock wood Beeb*. Ph.B., Assistant in Assaying, School of Mines, Columbia 
College. Residence, 58 East Sixty-eighth Street, New York City. 

Frank Parkinson Benjamin, C.E. Address, 31 West Nineteenth Street, New York 
City. 

Frederick Denison Browning, E.M., Engineer, Eureka Lake and Yuba Canal Co., 
North San Juan, Nevada Co., California. Address, care Ledoux & Ricketts, 
10 Cedar Street, New York City. 

William Frederic Brugman, Ph.B., 327 East 57th Street, New York City. 

Nathaniel Butler, E.M. Care Henry Russell & Co., 42 Barclay Street, New York 
City. 

Alfred Daniel Churchill, M.S., Ph.B., E.M., Instructor in Drawing, School of 
Mines, Columbia College. 

Edwin Perry Clarke, E.M.. 340 Clinton Street, Brooklyn, N. Y. 

William Elliott, Ph.B., Chemist, Elliott, Hopke & Mattison, 197 Pearl Street, 
New York City. 

Louis George Engel, E.M., Engineer, with the Brooklyn Sugar Refinery, Brook- 
lyn, N. Y. 

Robert Otto Francke, C.E., travelling in Europe. Address, care Francke & Co., 
Havana, Cuba. 

Herman Garlichs, E.M., Aurora Smelting and Refining Co., Aurora, 111. 

•Wilkins Updike Greene, Ph.B., care of Brown, Shipley & Co., London, England. 

James Leal Greenleaf, C.E., Assistant in Engineering, School of Mines, Columbia 
College, New York City. 

Albert Peter Hallock, Ph.B., Chemist, N. Y. Gaslight Co. ; residence, 249 East 
Thirty-first Street, New York City. 

Henry Harmon Hendricks, Ph.B., Chemist, Ledoux & Ricketts, 10 Cedar Street, 
New York ; residence, 512 Fifth Avenue, New York City. 

Louis Mosher Hooper, C.E., Elliot & Hooper, Consultmg Sanitary Engineers, 
252 Broadway, New York City. 

Theodore M. Hopke, Ph.B., Chemist, Elliott, Hopke & Mattison, 197 Pearl 
Street, New York City ; residence, Hastings-on- Hudson. 

Edward Henry Hudson, C.E., Wholesale Coal Trade, iii Broadway. Residence, 
54 East Fifty-third Street, New York City. 

Frank Klepetko, E.M., Mining Engineer to Osceola and Tamarack Minmg Com- 
panies. Address, Opechee P. O., Houghton County, Mich. 

Wheat on Bradish Kunhardt, E.M., returned from Europe. Address, 32 Beaver 
Street, New York City. 

Joseph Godley Mattison, Ph.B., Chembt, Elliot, Hopke & Mattison, 197 Pearl 
Street, New York City. 

Charles August Meissner, Ph.B., Chemist, Briar Hill Iron and Coal Co., Youngs- 
town, O. 

James Haviland Merritt, Ph.B., Chemist, Bradley White Lead Co., Water Street, 
New York; residence, 184 Lefferts Place, Brooklyn, N. Y. 

Juan Adelberto Navarro, C.E., Student, Germany. Address, 251 West Forty- 
fourth Street, New York City. 

Andrew McClean Parker, E.M., Sonsanate, Salvador, Central America. Address, 
37 William Street, New York City. 

John Randolph Parkes, E.M., Neftel, Churchill & Parkes, 39 Broadway, New 
York City; residence, 113 Penn Street, Brooklyn, N. Y. 

Henry Alvord Robinson, Ph.B. With Robinson & Scribner, 102 Broadway, 
New York ; residence, 19 East Sixty-second Street, New York City. 

Ferdinand Ruttmann, Jr., E.M., Mining Engineer, Tilly Foster Iron Mine, Brew- 
ster's Station, N. Y. 

George Singer, Jr., E.M., in Japan. Address, care Singer, Nimmick & Co., Pitts- 
burg, Pa. 

George Harton Singer, E.M., Singer, Nimmick & Co., Pittsburg, Pa. 

Wallace Augustus Smalley, E.M., Surveyor and Assayer, Georgetown, N. Mex. 

Maxwell Smith, C.E., N. Y., W. S. & B. R. R. Address, 121 West Twenty-first 
Street, New York City. 
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Theodore Tonnelfc, Ph.B. McKeesport Iron Co., McKeesport, Pa. City address, 
48 East Sixty-eighth Street, New York City. 

Charles Herbert Torrey, Ph.B., Assistant in Qualitative Analysis, School of 
Mines, Columbia College. Residence, 53 West One Hundred and Twenty- 
eighth Street, New York City. 

Joseph Walker, Jr., C.E., 289 Fifth Avenue, New York. 

Herbert Allen Wheeler, E.M., Instructor, Washington University, St. Lou'is, Mo. 

1881. 

Charles Alfred Andrescn, E.M., with Pickard & Andfesen, 8 Gold Street, New 

York City. 
Frederic Theodor Aschman, Ph.B., Chemist, Wheeler Iron Company, P. O. Boy 

292, West Middlesex, Mercer County, Pa. 
Chas. Popham Bleecker, E.M., Assayer Alice Gold and Silver Mining Co., Walk- 

erville, Montana. 
Victor Manuel Braschi, Ph.B., Resident Graduate; candidate for degrees of E.M. 

and Ph.D. Address, 250 West Twenty- fourth Street, New York City. 
Edward Renshaw Bush, E.M. ; with E. E. Olcott, Sonora, Mex. Address, care 

J. A. Bush, 54 Wall Street, New York City. 
Phillip Edward Chazal, A.B., E.M., Analytical Chemist, 46 Meeting Street, 

Charleston, S. C. 
Albert Ladd Colby, Ph.B., Inspector, State Board of Health. Address, School of 

Mines, New York City. 
Edward Moorhouse Douglass, C E. U. S. Geological Survey. Address, Mc- 

chanicsville, Saratoga Co., N. Y. • 

Edward Kellogg Dunham, Ph.B., Student in Medicine, Harvard University. Ad- 
dress, 5 Holyoke, Cambridge, Mass. 
Arthur Henry Elliott, Ph.B., Assistant in Chemistry, College Physicians and Sur- 

geons ; also candidate for Ph. D., School of Mines. Address, School of Mines, 

New York City. 
Howard Van Fleet Furman, E. M. , Germania Works, Salt Lake City, Utah, 
William Tudor Griswold, C.E. In Oregon. 
Frederick Adolph Hemmer, Jr., Ph.B., returned from Europe. Address, East 

Morrisania. New York City. 
Chas. Breck Judd, E.M., United States Deputy Surveyor, Tombstone. N. Mex. 
Daniel James Leary, C.E. Address, 138 Keap Street, Brooklyn, N. Y. 
Clement Le Boutillier, Ph.B. Address, 50 East Twenty-fifth Street, New York City. 
Augustus Damon Ledoux, Ph. B. , with Ledoux & Ricketts, 10 Cedar Street, New 

York City. 
Willard Parker Little. E.M., Resident Graduate, Course in Architecture. Address, 

60 West Fortieth Street, New York City. 
Walter Monfort Meserole, C.E., N. Y., W. S. & B. R. R., Catskill, N. Y. 

Address, 590 Lorimer Street, Brooklyn, N. Y. 
Percy Neyman, Ph.B., Resident Graduate. Address, care E. H. Neyman, 97 

Maiden Lane, New York City. 
Michael Joseph O'Connor, E.M. Address, 42 West Twenty-eighth Street, New 

York City. 
Thomas Devlin O'Connor, Ph.B. Address, 42 West Twenty-eighth Street, New 

York City. 
Lucius Pitkin, A.B., Ph.B., Chemist, Laurel Hill Chemical Works, Penny Bridge, 

L. I. 
George Sharp Raymer, A.B., E.M., Idaho Springs, Col. Address, 63 Seventh 

Avenue, Brooklyn, N. Y. 
William Thomas Richmond, Ph.B., Chemist, Trans-continental Geological Survey, 

Newport, R. I. 
Arthur Carr Roberts, E. M. , Sinalo and Durango Railroad, Culiacan, Mexico. 
Chas. Pike Sawyer, Ph.B. Address, 12 Gramercy Park, New York City. 
William Waldemar Share, Ph.B., Assistant in Physics, Columbia College. Ad- 
dress, 336 Navy Street, Brooklyn, N. Y. 
Chandler Dannat Starr, C.E., Resident Engineer, E. R. R. R. Co., Falls Mills, 

Tazewell County, Va. Address, 103 East Sixteenth Street, New York City. 
Thomas Beale Stearns, E.M., Agent for Colorado Iron Co., 115 Liberty Street, 

New York City. 
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Alfred Ernest Swain, E.M., Sinalo and Durango Railroad, Culiacan, Mex. Ad- 
dress, via San Francisco, Cal., and Mazatlan. 

Edgar Granger Tut tie, E.M., 92 Prospect Place, Brooklyn, N. Y. 

Alvan Howard Van Sindercn, Ph.B., Student, Columbia Law School. Address, 
178 Columbia Heii»hts, Brooklyn, N. Y. 

Herman Theodore Vult<^, Ph.B., 223 West Forty-third Street, New York City. 

Ferdinand G. Wiechmann, Ph.D.; student at Berlin. Address, care of E. G. 
Wiechmann. 458 Broadway, New York City. 

William Fish Williams, C.E., E.M. Address, Wethersfield, Conn. 

Herbert M. Wilson, C.E., Topographer, U. S. Geological Survey, Fort Wingate, 
New Mexico. Address, 26 Vcscy Street, New York City. 

1882. 

Albert Caiman, Ph.B., Student in Germany; care of Carlsbach & Cahn, Mayence 

a. R., Germany. 
Thomas Peters Conant, E.M., with Thomas A. Edison. Address, care of Harper 

Bros., New York City. 
William Hamilton Cooper, Ph.B., Constructing Engineer, with A. F. Wendt. 

Residence, 95 Mercer Street, Jersey City, N. J. 
Francis Bacon Crocker, E.M., Curtis & Crocker, 140 Nassau Street. House ad- 
dress, 54 West Twenty-first Street, New York City. 
Oscar Vmcent Dougherty, Ph.B., with A. Dougherty, 80 Centre Street, New York. 

Address, 138 Columbia Heights, Brooklyn, N. Y. 
StanclifT Bazen Downes, C.E., 719 Lexington Avenue, New York City. 
William Fletcher Downs, E.M., Chemist Dixon Crucible Co., Jersey City, New 

Jersey. 
Anton Frederick Emrich, M. E., Tombstone Mill and Mining Co., Tombstone, 

Arizona. 
David Beauregard Falk, C.E. Address, care Falk, Hirsch & Co., Charleston, 

S. C. 
Henry Feuchtwangcr, Ph.B. Address, 64 East Sixty-fifth Street, New York City. 
Charles Lincoln Fitch, E.M. Fitch & Howe, Engineers, Ishpeming, Mich. 
Charles Buxton Going, Ph. B. , Chemist, Cincinnati Desiccating Company, Cincinnati, 

Ohio. Address, Glendale, Ohio. 
William Hill, C.E., with Collins Co., P. O. Box 196, Collinsville, Conn. 
William Charles lllig, E.M., Tilly Foster Iron Mine, Brewsters, N. Y. 
Cavalier Hargrave Joiiet, Ph.B., Chemist, Ledoux & Ricketts, 10 Cedar Street, 

New York City. 
Alfred Joseph Moses, E.M., Assistant in Mineralogy, School of Mines, Columbia 

College, New York City. 
Edward Austin Oothout, E.M., with James Renwick, Architect, 416 Broad Street, 

New York City. 
William Stevens Page, E.M., Georgetown, Colorado. 
William Barclay Parsons, Jr., A.B., C.E., Erie R. R., Port Jervis, N. Y. 
Clarence Quintard Payne, E. M., Chemist, Theall Iron Mine, Brewsters, N. Y. 
John Bonsall Porter, E.M., licensed Instructor in Metallurgy, Cincinnati Uni^ 

versity. Address, Glendale, Ohio. 
Cornelius Van Vorst Powers, Ph.B. Address, 22 West Forty -eighth Street, New 

York City. 
Ferdinand Sands, Ph.B., Chemist, New Jersey Zinc Works, Newark, N. J. 
Willard Adams Sbumway, A.M., E.M., U, S. Geological Survey, Washington, 

D. C. 
William Field Staunton, Jr., E.M., with Ledoux & Ricketts, 10 Cedar Street, New 

York City. 
Nathaniel Sirange Stockwell, E.M., Engineer, Calumet Iron sCnd Steel Co., Calu- 
met House, S. Chicago, III. 
Donald Butler Toucy, E.M., Student at Columbia Law School. Address, 57 West 

Fifty-third Street, New York City. 
Frank Weiss Traphajjen, Ph.B., Post-Graduate, School of Mines, Columbia Col- 
lege, New York City. 
Rudolph Harrison Vondy, E.M., Tilly Foster Iron Mine, Brewster's, N. Y. 
John Howard Wainwright, Ph.B. Address, Rye, Westchester County, N. Y. 
Albert George Wanier, Ph.B., care of Frederick Beck & Co., 206 West 29th Street, 

New York City. 
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Norbcrt Reillieux Ward, E.M. Address, 167 West Forty-ninth Street, New York 
City. 

William Scherf White, E.M., City Surveyor, 79 and 81 Cedar Street, New York 
City. 

William Alexander Wilson, E.M., Box 153, Park City, Utah. 

Charles August Wittmack, M.S., Ph.B., Student, Prof. Baeyer's Laboratory. 
Address, 40 Shilling St. III., MUnchen, Germany. 

Edward Leavitt Young, E.M., with Ledoux & Rickelts, 10 Cedar Street. Resi- 
dence, 1 14 East Seventy-fourth Street, New York City. 

ENUMERATION. 

Class of 1867 13 Classof 1876 26 

*• i868 20 «* 1877 31 

•« 1869 iij " 1878 40 

" 1870 9 *• 1879 33 

" 1871 7 •' 1880 36 

** 1872 5| " 1881 36 

** 1873 51 " 1882 37 

" 1874 9, — 

** 1875 20' Total number of graduates .... 338 

Known to be deceased. 

Class of 1868 Archibald MacMartin. 

** 1869 Thomas Monahan Blossom. 

** 1869 Henry Newton. 

** 1872 Frank B. Jenney. 

** 1875 Robert S. Lamson. 

«' 1877 HenryG. Clark. 

" 1877 James R. Priest. 

" 1878 Owen F. Olmsted. 

** 1879 Francis B. Stewart. 

Total 9 

Number of graduates living 329 

Degrees conferred to date, 

E.M 218 

C.E 83 

Ph.B 76 

Ph.D 28 

Total 40S 

Deduct for repetitions 67 

The list is correct to March 10, 1883. 

P. DE P. RICKETTS, 
Secretary Alumni Association, 
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GRADUATES.— ALPHABETICAL LIST. 



Adams, J. M., '67 
Adams, W. J., '78 
Allen, »74 
Andresen, '81 
Aschman, '81 
Austen, '72 
Austin, '76 

Barnard, '68 
Barros, ^77 
Baxter, '68 
Beard, '77 
Beebe, '80 
Behr, '77 
Benedict, '74 
Benjamin, M., '78 
Benjamin, F. P., '80 
Bleecker, '81 
Blossom, '69 
Blydenburgh, '78 
Booraem, '78 
Braschi, '81 
Bridgham, '67 
Brinckerhoff, '78 
Britton, '79 
Brown, '67 
Browning, *8o 
Brownson, '67 
Bruckman, '69 
Bnien, '76 
Brugman, '80 
Buckley, '77 
Bush, '81 

Butler, W. P., '78 
Butler, N., '80 

Cady, '77 
Caiman, '82 
Cameron, '74 
Campbell, '69 
Canfield, A. C, '77 
Canfield, F. A., '73 
Carson, '68 
Cauldwell, '77 
Chazal, '81 
Chester, '68 
Church, '67 
Churchill, '80 
Clark, '77 
Clarke, '80 
Cloud, '79 
Colby, C. E., '77 
Colby, A. L., '81 
Colton, '73 
Conant, '82 



Constant, '77 
Cooper, '82 
Cornell, '77 
Cornwall, G. R., '76 
Cornwall, H. B., '67 
Cornwall, H. C, '79 
Coursen, '68 
Craven, '76 
Crocker, '82 
Cushman, '78 

Davis, '78 
De Luze, '79 
Devereux, '78 
Douglas, '81 
Downes, '82 
Downing, '78 
Downs, '82 
Drummond, '78 
Dunham, '81 

Eastwick, '79 
Elliott, W. G., '78 
Elliott, Wm., '80 
Elliott, A. H., '81 
Emrich, '82 
Engel, '80 

Fales, '71 
Falk, '82 
Femekes, '78 
Feuchtwanger, '82 
Fitch, '82 
Floyd, '77 
Foote, '76 
Francke, '80 
Furman, *8i 

Garlichs, '80 
Garrison, '76 
Geer, '68 
Giddings, '67 
Going, '82 
Goldschmidt, '71 
Gordon, '71 
Gracie, '67 
Gratacap, '76 
Greene, '80 
Greenleaf, '80 
Griswold, '81 

Haas, '78 
Haffen, '79 
Haight, '70 
Hale, '67 



Hall, '76 
Hallock, '80 
Hamilton, '76 
Hanna, '68 
Harker, '79 
Harmer, '67 
Hasegawa, '78 
Hathaway, '79 
Heath, '67 
Helleberg, '77 
Hemmer, '81 
Hendricks, '80 
Hildreth, '77 
Hill, '82 
Hodges, '78 
Holbrook, '76 
Holden, '78 
Hollerith, '79 
Hollick, '79 
Hollis, '78 
Hooker, '69 
Hooper, '80 
Hopke, '80 
Hoyt, '76 
Hudson, '80 
Hunt, '76 
Hutton, '76 

Ihlsing, M. C, '75 
Ihlsing, A. O., '77 
lies, '75 
Illig, *82 
Ingersoll, '70 
Irving, '69 

Jackson, '75 
Jenney, W. P., '69 
Jenney, F. B., '72 
Johnson, E. M., '78 
Johnson, G. H., '78 
Johnson, I. B., '79 
Johnston, '79 
Jordao, '77 
Jouet, '82 

Joy, *75 
Judd, '81 

Karr, '78 
Kelley, '77 
King, '76 
Klepetko, '80 
Knapp, '70 
Koch, '79 



Kunhardt, '80 
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Lamson, '75 
Lawrence, '78 
Leary, *8i 
Leavens, '75 
Le Boutillier, '81 
Ledoux, *8i 
Leggett, '79 
Lilienthal, '7 1 
Lillie, »74 
Lindsley, '70 
Little, '81 
Lord, »76 
Love, '76 
Ludlow, *79 
Lyman, '78 

Mackintosh, '77 
MacMartin, '68 
Macy, '75 
Maghee, '76 
Marsh, '79 
Mathis, *79 
Matsui, *78 
Mattison, '80 
Mayer, '79 
McCulloh, '78 
McDowell, '72 
Meissner, *8o 
Merwin, '79 
Meserole, '81 
Milliken, '79 
Moflfatt, '68 
Morewood, H. F., '76 
Morewood, G. B., '78 
Morris, '78 
Moses, *82 
Mott, '73 

Munroe, H. S., '69 
Munroe, O. M., '79 
Munsell, '78 
Murphy, J. G.. »77 
Murphy, H. M., '78 
Murray, ^74 

Nambu, '78 
Navarro, '80 
Neftel, '79 
Nesmith, '79 
Net t re, '69 
Newberry, '78 
Newton, '69 
Neyman, '81 
Nichols, '77 
Noble, '79 
Norris, '77 
Noyes, W. S., '75 
Noyes, J. A., ^78 

O'Connor, M. J., *8i 
O'Connor, T. D., '81 
O' Grady, '76 
Olcott, '74 
Olmstead, '78 
Oothout, »82 



Ostren, '78 

Page, '82 
Palmer, '78 
Parker, R. A., '78 
Parker, A. McC, '80 
Parks, '80 
Parrot, '70 
Parsons, G. H., '68 
Parsons, W. B., '82 
Payne, '82 
Pazos, '78 
Perry, '78 
Pfister, '75 
Pistor, '68 
Pitkin, '81 
Piatt, '68 
Pool, '75 
Porter, '82 
Potter, '69 
Powers, '82 
Priest, '77 
Putnam, '75 

Radford, '77 
Randolph, J. C. F., '69 
Randolph, J. Fitz, '76 
Raymer, '81 
Reed, S. A., '77 
Reed, W. B. S., '79 
Rees, B. F., '74 
Rees, J. K., '75 
Rhodes, F. B., '74 
Rhodes, R. D., '79 
Richmond, '81 
Ricketts, '71 

Ri§gs» '71 
Roberts, G. S., '71 
Roberts, A. C, '81 
Robertson, K,, '68 
Robertson, R. S., '71 
Robinson, '80 
Rogers, '77 
Rolker, '75 
Ross, '76 
RusselC *75 
Rutherford, '79 
Ruttman, '80 

Sage, '77 
Sands, '82 
Sawyer, '81 
Schermerhorn, '68 
Schneider, '76 
Shack, '68 
Share, '81 
Sheldon, '79 
Shumway, '82 
Singer, G. H., '80 
Singer, G., '80 
Sloane, '72 
Smalley, '80 
Smeaton, '77 
Smith, W. A., '68 



Smith, L, '68 
Smith, M., '80 
Smythe, '77 
Stallknecht, '68 
Starr, C. D., '81 
Starr, H. F., '79 
Staunton, '82 
Steams, '81 
Stewart, '75 
Stockwell, '82 
Stone, '79 
Strieby, '78 
Suydaro, '79 
Swain, '81 

Terhune, '70 
Thacher, '77 
Thompson, '75 
Tilden, '76 
Tonnelfc, '80 
Torrey, '80 
Toucy, '82 
Traphagen, 'c2 
Tucker, '75 
Tuttle, W. W., '67 
Tuttle, E. G., '81 

Van Arsdale. '68 
Van Blarcom, '76 
Van Boskerck, '77 
Van Lennep, '67 
Van Sinderen, '81 
Van Wagenen, '70 
Vondy, '82 
Vult<^, '81 

Wainwright, '82 
Walbridge, '76 
Walker, '80 
Waller, '70 
Wanier, '82 
Ward, '82 
Wardlaw, '76 
Waterbury, '77 
Webb, '73 
Wells, '75 
Wendt, '72 
Wetmore, '75 
Wheeler, M. D., '68 
Wheeler, H. A., '80 
White, '82 
Wiechmann, '81 
Williams, J. T., '73 
Williams, F. H., '74 
Williams, G. W., '79 
Williams, W. W., '81 
Willis, '78 
Wilson, H. M., '81 
Wilson, W. A., '82 
Wittmack, '82 
Wright, '75 

Young, '82 
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FRASER & CHALMERS' 







OF THE MOST APPROVED WESTERN PATTERNS. 



COMPLBTB GOLD AND SILVER JUILLS. 
CONCENTRATION WORKS OP BEST GERMAN DESIGNS. 
SMELTING FURNACES, L«ad or Copper. 80 of our make in use. 
CORNISH MINING PUMPS, of all sizes. 
HOISTING ENGINES from 4-hor8e power up to largest direct 

acting, for 3,000 feet depth. 
LEACHING MILLS. SAMPLING WORKS. 
HOWELL, WHITE, STETEPELDT ft BRUCKNER ROASTING 

FURNACES. 
HALLlblE WIRE ROPE TRAMWAYS. COMET ORE CRUSHER, 

Capacity uf to 50 tons an hour. 
BNGINES AND BOILERS of all sizes. 
CORLISS ENGINES, and CORLISS COMPOUND ENGINES, 

Etc., Etc. 

We make nothing but Mining and Milling Machimery. 

Works : New York Office : Colorado Office : Moataoa Office : 

F«lt«B mU UbIm Sts., % Wall Street, %i CheesmiB BIsck, ChaaWrs Rtock, 

CHICAOO, ILL, NEW YORK. DENVBB. BUTTS CITr. • 



THE FRUE YANKING MACHINE, or ORE CONCENTRATOR. 




The most perfect modern appliance for treatment of Slimes of Concentration 
Works, and finely crushed material direct from Stamps or Pulverizers. Successfully 
osed on ores of lead, zinc, copper, tin, antimony ; ores of grey copper, brittle and 
ruby silver and tellurides treated with best commercial results. Especially adapted 
to low grade silver ores and gold mill tailings. 

OVER 140 IN USE IN CALIFORNIA ALONE. 
I>re8CRII>'riVHi FAMIPBELKT ON APPLICATION. 



MAKERS : 

PIA!(ER k CHALMERS 

Union and Fulton Sts., 

Ckicaeo, ni. 



WESTERN AGENTS : 

ADAMS k CAETEK. 

Z09 California St., 

San Francisco, CaL 



COLORADO AGENT : 

L. C. TRENT, 

45 Cheesman Block, 

Dewer. 



2 WALL STREET, NEW YORK CITY. 
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GHARLIER INSTITUTE, 

J" • 

BOARDING AND DAY SCHOOL 

For Boys and Young Gentlemen, from 7 to 20 years old. 
108 A\^EST 59th STREET, 

ON CENTRAL PARK. 
- — •^^^ 

Tbe Advantages Claimed for this School are : 

1. A new building, 200x54, erected purposely, with at perfeci 

ventilation, drainage, and accommodations as science can 
make them to-day. 

2. Gymnasium, 50x50x26. Chapel of same size. Central Park 

for play ground.- 

3. An exi)erience of THIRTY YEARS. 

4. Experienced Teachers, college graduates, mostly New England 

men, devoting all their time to instruction, untramelled by 
business cares, and preparing pupils thoroughly for COL- 
; LEGE, BUSINESS, WEST POINT, NAVAL ACADEMY, 

or any SCIENTIFIC SCHOOL. 

5. Modern] Languages, French, German and Spanish, are taught 

by native teachers, and spoken with them. 



For details, terms, etCy send for a prospectus of the school. 



Prof. ELIE GHARLIER, Director and Owner 
E. STAGEY GHARLIER, Ass't Principal 
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EPITORS, 

For the Alumni Association. 

Henry S. Munroe, E.M., Ph.D., '69. Elwyn Waller, Ph.D., '70. 

Pierre de Peyster Ricketts, E.M., Ph.D., '71. 

For the Engineering Society, 
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Original Articles, — Each number will contain original articles by 
students, graduates, and instructors or professors of the School of Mines. 

The Professional Notes, as heretofore, will contain brief notes of new 
ideas, new methods, and recent discoveries, in the different departments 
of Engineering, Chemistry Metallurgy and Geology. Each subject will 
be under the supervision of a specialist, ensuring freshness and value to 
the notes. Contributions to this department are solicited from those 
engaged in practical operations in the field, laboratory or works. 

Graduate Department. — Each number will contain a complete list of 
the graduates, with addresses and occupations, corrected to date of issue. 
It will contain also records of the meetings of the Alumni, personal 
notes, etc. 

The Quarterly is the official organ 0/ the Alumni Association and 
of the Chemical and Engineering Societies, and as such should have the 
support and co-operation of every graduate and student of the School. 
All are therefore invited to send, at any time, items of interest for the 
different departments, and to contribute original papers. 
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Send money by check, registered letter or postal ot^qt payable to order of 

Robert Peele, Jr., Treasurer. 

Address all Communications 

SCHOOL OF MINES QUARTERLY, 

49th Street, cor. 4th Avenue, New York, N. Y. 



SCHOOL OF MINES PREPARATORY SCHOOL, 

32 East 40th Street, 
J. WOODBRIDGE DAVIS, C.E., Ph.D., Principal. 

Author pf mathematical works used in numerous Colleges ; with complete corps of 
skilled assistants in languages, history, etc. Seventh year of priVicipal's experience 
without a single failure. Students guaranteed admission to any college. 

College Blatrlcalates assisted in their studies. 

Special Coarse* in the higher Pare and Applied Matkematlos for Engineers, 
College Graduates, and Students of Mechanics, Physics, etc. 

Er*CALL OK SEND FOR CIRCULAR, mfik 
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STONE-CUTTING. 

By Prof. W. P. TROWBRIDGE. 

The materials employed in engineering can seldom be used 
without having been first subjected to special mechanical prep- 
arations depending on the uses to which they are to be applied. 
It may happen that the cost of the raw or marketable material is 
very small, compared with the expense of shaping and dressing 
it for use ; or, on the other hand, it may be that the quantity 
used furnishes the chief item to be considered, the work of 
preparation involving little labor. In stone-masonry the rela- 
tions between these two items of expense vary greatly ; com- 
mon rubble representing one extreme, and the highly carved 
elements or parts of some architectural structures the other. 

In ordinary engineering works in which stone-masonry is 
employed this variability in cost depends principally on the 
amount of work which is expended on the exposed surfaces or 
faces of the stones, the necessary labor of preparing the beds 
and joints being to some extent the same for all cases. The 
dressing of the exposed faces, however, varies with the object 
which the masonry is to serve, with the taste of the architect or 
engineer, or the requirements of architectural design. In archi- 
tectural masonry, in which the faces of the stones are not only 
sometime highly wrought, but where mouldings, bosses, and 
carved work form especial features in the design, the work of the 
stone-cutter becomes predominant, and a large part of the cost of 
such stone-work is to be found in the cutting. It is important. 
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therefore, that the young engineer and architect should be fa- 
miliar with the details of an art which plays such an important 
part in their designs ; a necessity which arises chiefly from the 
difficulty of estimating the cost of any work, unless its techni- 
cal characters can be specified, and the further difficulty of a 
proper inspection or supervision, unless the exact quality of 
the work done can be compared with some standard. 

Text-books on engineering and architecture do not usually 
supply information on this subject, and it is often only after 
long experience that an engineer or architect becomes reason- 
ably familiar with some of the technical details and operations 
which enter largely into the designs on which he is employed. 
I have endeavored to supply this information for the engineer- 
ing students of the School of Mines in such a form that it may 
have the authority of the best artificers as regards methods of 
execution, and at the same time, the benefit of the experience 
and knowledge of one who is personally familiar with all classes 
of stone-cutting. It was not easy to find a workman who could 
appreciate what was needed, and at the same time give clear 
and concise descriptions. After several unsuccessful efforts on 
my part to find such a man, Mr. Marcus Murray, a stone-cut- 
ter employed by the architect of the College buildings, to su- 
pervise the stone-cutting, was introduced to me by Mr. Green- 
leaf, Instructor in the School of Mines, as one who might 
possess the qualifications required, and was engaged to make 
a set of models for the use of the school, to be accompanied by 
technical descriptions. As the subject is one which has not 
been presented heretofore in detail, I have thought it might be 
an appropriate one for the QUARTERLY ; especially as the 
illustrations will be presented, as far as I am aware, for the 
first time from photographs. 

Professor Munroe and Mr. Greenleaf have kindly supervised 
the work of preparing the descriptions for publication, and the 
illustrations for printing. 

It is only necessary to add further that the following de- 
scriptions were prepared by Mr. Murray. They consist of 
descriptions of the following work. 

First, — Squaring up of an irregular block of stone. 

Second, — Cutting of various surfaces on a granite cube 
(hard stone surfaces). 

Third, — Cutting of various surfaces on the pentagonal faces 
of a dodecahedron cut out of sandstone (freestone surfaces). 
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Fourth. — A return moulding. 
Fifth. — Label moulding.* 
Sixth. — Carved boss. 

The cube, dodecahedron, etc., are the models now in the 
possession of the school. 

A LIST OF. 

STONE-CUTTER'S TOOLS. 

TOOLS USED FOR HARD STONE, AS GRANITE, Etc. 
(They are all hammer-head tools.) 

CLASS A. Tools for Plane Surfaces. 

1. Hand hammer. 

2. J-inch drill. 

3. Pitching tool. 

4. }-inch chisel. 

5. i-inch point. 

6. Pean axe. 

7. Patent axe, 6 and 8 cut, J-inch jaw. \ (Called bush hammer ii^ 
Patent axe, 10 and 12 cut, J-inch jaw. f the Eastern States.) 

CLASS B. Tools for Mouldings. 

Hand hammer. 

8. i-inch chisel. 

9. |-inch chisel. 

10. i-inch point. 

11. I i -inch drove. 

12. Bush chisel, 10 cut, J-inch jaw. 

TOOLS USED FOR SOFT STONE, AS OHIO STONE, Ere. 
(They are all mallet-head tools.) 
CLASS A. Tools for Plane Surfaces. 

Droving mallet (6 lbs. ). 

13. }-inch drafting chisel. 

14. }-inch point. 

15. 2i-inch tooth chisel. 

16. 2i-inch drove. 

17. Bush hammer (called diamond hammer in Europe). 

Tools for Mouldings. 

Pointing mallet (4 lbs.). 

i-inch chisel. 

Moulding point. 

J-inch moulding tooth chisel. 

f-inch moulding chisel. 

Tools for Carving. 

Carving mallet (2 to 3 lbs.). 

23. Carving point. 

24. J-inch carving splitter. 

25. i-inch carving splitter. 

26. -/tf-inch carving splitter. 

' This is improperly spelled «« Labial " in the cut. It may also be called a Drip- 
stone, or Hood moulding. 



CLASS B. 






18, 




19. 




20. 




21. 




22. 


CLASS C. 
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•method of squaring up an irregular block of stone. 

In cutting ashlar for a quay wall, a canal lock, or other 
structure out of granite stone, where the face of the same is to 
be brought to a smooth surface, the foreman or master me- 
chanic's first duty is to tell the workman to *' banker" up the 
widest bed. It is from this bed that all the other faces of the 
stone are laid out. 

To banker up the bed, the workman draws a line with iron 
ore or black lead on the face of the stone, as close to the sur- 
face of the bed as practicable ; he then takes a 4i-pound ham- 
mer and a pitching tool and pitches or spalls off all debris or 
waste above the line ; he then takes a chisel about eight inches 
long, of ^inch bar Jessop's cast-steel, and chisels a draft on 
the bed, keeping as close as physical power will permit. The 




skilled workman will adhere to this ; the closer he keeps to 
the pitching the sooner he will accomplish a straight draft ; 
the unskilled mechanic will not respect a drawn line, and will 
keep chiselling up hill and down; he will have it like waves 
on the ocean until shown how to do it correctly. After this 
first draft has been made, from A to B, he places his straight- 
edge, previously rubbed with red chalk ; when this is laid on 
it will leave red spots on the stone. This shows what part ot 
the draft is high. He goes to work and chisels off the red 
spots, and repeats this until the straight edge, when applied, 
shows a red line on the whole length of the draft. His next 
work is to find out which is the lowest corner (C) of the bed of 
the stone ; he will stoop and sight the stone, and thus he will 
soon discover which is the lowest corner. He will then run a 
draft, B C, from the one that has been completed to this point. 
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His next work is to place a straight-edge along this last 
draft. He then goes to the corner C of the stone, drops on his 
right knee and sights, taking the draft A B as his level, and in 
the same glance he catches the point D, where the true bed 
must cut the remaining corner of the block. When this is 
done, he straightens a draft from A to D, and from D to C. 

After the four drafts are completed, he takes a ^-inch ham- 
mer-point, eight or nine inches long, and points off the d6bris 
within one-fourth inch of the surface of drafts ; he then takes 
his pean axe on it until he gets down so that the straight-edge 
touches all four of the drafts ; then it is complete. He has 
only used one size of chisel, one size of point, and a pean axe, 
to complete this bed. 

He draws a line on the bed close to the face, pitches it off, 
turns up the stone, and runs a careful arris-draft with a second 
size of chisel of |^- inch steel bar (the chisel end must not be more 
than five-eighths inch wide). When the arris-draft is complete 
he cuts another draft across one of the ends at a right angle from 
the bed. He now has two drafts : he puts the straight edge 
on the cross-draft and sights the corner of the face, finding the 
right point as he has previously done for the bed. He now 
proceeds to complete his four drafts, and then he points off the 
d6bris to within half an inch of the level of drafts ; he then 
takes his pean axe and hammers to within one-eighth inch of 
draft-level ; then he takes either a five or six-cut patent axe and 
hammers it down to the level of drafts If the surface is to be 
cut as fine as the stone used in the construction of the New 
York Post Office, the eight-cut is applied by striking the sur- 
face all over once, and then the ten-cut is applied all over ; it 
is then finished. Should it be done similar to that for the 
State, Navy, and War Department buildings in Washington — 
the best on record — the thirteen-cut should be applied. It is 
so fine that it has changed the Richmond granite columns of 
the west facade portico to a bluish shade. 

The face of the stone being cut, the workman gauges the 
height, pitches off to the line, runs a careful arris-draft with a 
f-inch chisel, and points off the d6bris with random, occasion- 
ally applying his square so that he does not leave the bed of the 
stone too slack from the face. 

But no draft across the bed of the stone is needed ; this 
being the top of the stone when set, the stone-setter wishes to 
have it slack to give him an opportunity to spread mortar on 
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top of it for the next stone to rest upon. He spreads fine 
putty close to the front arris to make a neat horizontal joint, 
and uses coarse mortar in the rear part of the bed ; conse- 
quently he must be allo\yed more space for this. We gener- 
ally leave the bed slack to give him a chance. 

I have worked for engineers in many parts of this country, 
who would not give way to me regarding this : more said it 
was about right. 

The next work is to complete the joints. The stone-cutter 
draws a square line on the face of the stone, the square being 
applied to either bed, but preferably to the first one cut, and 
then cuts his arris-draft, and when done applies the stock of the 
square to the face of the stone and draws a line on the bed for 
the whole depth, pitches it up, and runs a rough draft on it. 
No respect is paid to fine arrises, but the draft must be true. 
He takes the joint out of winding on the same principle as 
when cutting the beds and the face, then he gauges the stone 
to the required length, and cuts the remaining joint likewise. 
The block is completed. 

THE CUTTING OF GRANITE SURFACES. 

The block of granite was quarried from H. G. Frenche's 
quarries at Westerly, R. I. The six sides or faces shown on 
Plate II., Figures i to 6 inclusive, have been cut as follows : 

No. I. Pointed Face, — The stone-cutter chisels out four 
drafts with a chisel one inch wide, then he points off the 
waste or debris to within one-fourth of an inch of the draft- 
level with a hammer-head point, then it is ready for the pean 
axe. 

No. 2. Pean Axe. — Is the same as No. i after having been 
pean-axed. 

No. 3. Six-cut. — Shows No. 2 after having been pean-axed 
with a six-cut f -inch jaw patent axe. 

No. 4. Ten-cut. — Shows No. 3 after having been pean-axed 
with a ten-cut patent axe with f -inch jaw. 

No. 5. Twelve-cut. — Shows No. 4 after having been pean- 
axed with a twelve-cut patent axe with a finch jaw. The 
face has to receive two coats of axing from the twelve-cut be- 
fore it is finished. The first of these should be axed diagonally 
to the impression of the ten-cut. When this is done the work- 
man must stand close to the setting bed of stone, and strike 
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STONE-CUTTING. 271 

every blow, showing the impression at right angles to the bed 
of the stone, then the first axing is complete. 

No. 6. Polished Face, — Shows No. 4 after having been pol- 
ished. A handful of sharp clean shore sand is thrown on and 
saturated with water, and it is then rubbed with a piece of iron 
until all dents and impressions have vanished. Then, ap- 
plying emery and water, keep rubbing until it is as smooth as 
glass. Then apply the polishing powder in a liquid state, or 
in a paste and rub with a piece of wood in the form of a plas- 
terer's trowel, covered with a piece of woollen cloth, until a 
high polish is obtained. Then the marginal draft is put on 
with a bush chisel, by hitting it with a hand hammer about 
two and a half pounds in weight. 

DESCRIPTION OF SURFACES OF ** FREESTONE.'* 

Figures 7 to 18, Plates II. and III., show the surfaces of a 
dodecahedron of freestone from the Bay of Fundy quarries, 
Nova Scotia, illustrating the methods of cutting freestone. 
Each side shows a different method of stone-cutting. The 
squaring up of this block to a given size, the orthographic 
projection of the angle made by two adjoining inclined planes, 
and a zinc pattern of the figure of a pentagon of the proper 
size, are all that it is necessary to give to the stone-cutter. The 
tools used in squaring up this stone were : Mallet-head points 
made out of }-inch bar steel, }-inch drafting chisels, tooth 
chisels and droves two and one-half inches wide, and mallets 
of four and six pounds weight. 

DESCRIPTION OF SIDES. 

No. 7. Sparrow Picked, — This was picked with a very small 
point and a mallet of about two pounds weight. 

No. 8. Rubbed Work, — This is done by a laboring man taking 
a piece of the same stone, or else a piece of Connecticut brown- 
stone, and rubbing the face with sand and water, until the 
marks of the droving chisel have disappeared, then he gives a 
few rubs with Ohio sandstone, or with a little white sand, in or- 
der to make it look a little finer, and to take out any scratches 
that may have been left after the first rubbing. 

No. 9. Tooled Work, — The dent or impression is made by the 
chisel in one continuous stripe. The chisel is two inches wide. 
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•No. lo. Tooth Chiselled, — Made with any chisel not less 
than one inch wide. 

No. II. Superfine Bush Hammered. — This is very fine work, 
and speaks for itself. 

No. 12. Very Fine Droving, — Droving on soft stone is, in 
comparison to fine axing on granite, very difficult ; therefore 
the soft-stone cutter is entitled to great credit for this style of 
work. His left hand holds the tool and guides it, while the 
right lifts the mallet and descends with a crushing blow on the 
tool, and leaves a square dent or impression after it, perpen- 
dicular to the horizon. He must have a steady hand to con- 
trol the chisel. Now the granite-stone cutter has all this art 
boxed up in a steel case, with many blades bolted together, 
and a long wooden handle attached to it. He takes hold of 
the patent axe with his two hands and begins pounding away 
on the face of a piece of granite and leaves the dent or impres- 
sion. Any person of ordinary skill can pick up this part of 
the craft : so much for the patent axe. This is the reason that 
the brown-stone cutter gets $4.50 per day for eight hours 
work, while the granite-stone cutter only gets $3.50 per day 
and works ten hours. There is more science displayed in one 
day in a soft stone-yard, than can be seen in a month's work in 
a granite establishment. 

No. 13. Fretwork. — This is made with straight grooves of 
many turnings, but in all cases at right angles to each other and 
with width of groove equal to width of spaces. This work is 
accomplished with a carving splitter, three-sixteenths inch wide. 

No. 14. Grecian Doric fluting. — The tools used are tooth 
chisels and plain chisels one-fourth to one-half inch wide. 

No. 15. Corinthian and Ionic fluting, ^xiki beads worked 
in. The tools used are tooth chisels and plain chisels, one- 
fourth to one-half inch wide. 

No. 16. Frosted work, with random pencilling. The holes 
are sunk with a carving splitter one-fourth inch wide. The ridges 
are rounded off by a tooth chisel three-eighths inch wide. 

No. 17. Bush Hammered. 
' No. 18. Random Pointed Ashlar. 

No. 20. Return Moulding (Plate HI.). — The return piece 
of moulding string, cut out of Potsdam sandstone, is worked 
by the stone-cutter on the same principles and system as in 
cutting granite, and although a little softer, yet this stone 
will dull more tools than granite. The first work to be ac- 



Digiti 



ized by Google 



The O ua r terl v, June /Q63. 



Plate III. 






XJi 





^y. FRt ¥\ OHf^ . 



Uj- aOHiC FLijrfisu /6. CiJRi'vr.'f/^A' if WAfC 



r^ ^j p^sww?! ^1 il? 




r 



^^ 



i 7V1. 



■ 1 



i_lJ 



/6 ^ffOS'^z:- ^"^o^^ ^J,3i/6^-^fMMf^£D j6' /<^K'DO/y^ p£t/\r£0. 




/9. lABfAL MOUtOff>fG. 




2o RETuBf^ H£AO 




Zl. QfKRVEO Boss. 



\>ui^FAi,es , /J TTr .'6^ fALr j/XE ; 4^r't^o'Ac.r c,;t ^>*tm 



Digitized by 



Google 



STONE CUTTING, 273 

complished on this stone is to cut the top bed by chiselling four 
drafts out of winding, then point off the waste or debris down to 
the level of drafts, then use the pean axe on any lumps left by 
the hammer point. The tools used on this bed are a ^-inch chisel . 
and a |-inch hammer point. Next, turn up the intended face 
or front edge and run an arris-draft, making it wide enough to 
cover the top surface of the nose. Then square the ends or 
meeting joints with right angles to the top bed and nose-draft. 

When this is done apply the section pattern to the ends by 
keeping a straight-edge in one hand, say the right, and with 
your left hand pressing the pattern against the stone. Place 
the straight-edge on the nose-draft and keep the pattern qp to 
it ; then apply the straight-edge on the top bed in two or three 
places and bring the patterns flush to it, then scribe the whole 
outline of the pattern with a cast steel pointed scribe or a piece 
of iron ore. When this is done on both ends of the stone, turn 
up the setting-bed and cut it to the given lines of the pattern. 
The top bed being cut out of winding, and the joints being cut 
at right angles to said bed, the same pattern being applied to 
both ends will give the setting bed truly out of winding. 

The next step is to draw such a chamfer line on the ends 
of the stone as is tangent to the greatest number of members, 
then cut to the lines, which will give a chamfer, or inclined 
plane. Then the stone-cutter commences moulding. Working 
from right to left of the stone he completes all of this edge ex- 
cept the cove or scotia. He cannot cut this trough until the 
returned head is precisely as far advanced, because it is less 
than a right angle from the face of the stone. 

His next work is to turn up the quoin end or returned 
head, chisel the nose-draft, square the adjoining end, and ap- 
ply the pattern as usual. Then he has to find a mitre-line, the 
intersecting line of all the members. To do this he turns up 
the setting bed and draws two lines parallel to and equally dis- 
tant from the two faces. A line drawn from the intersection 
of these lines to the intersection of the nose-drafts at arris will 
make an angle of forty-five and be the true mitre-line of the 
stone. Then he has to mould the edge from the given mitre- 
line along the quoin. When this is done he turns up the set- 
ting bed and cuts the scotia on the two edges. After being 
moulded with the chisels the patent axe is applied, and the 
moulding is done. 

This stone is moulded with }-inch and ^-inch hammer-head 
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chisels and f-inch and ^-inch points of bar steel. Two and 
one-half feet length of this moulding is a good day's work for 
a stone-cutter. 

No. 19. Label Moulding (Plate III.).— The piece of label 
moulding is cut out of sandstone from the Bellaire quarries of 
Ohio. The first work on this stone is to take the front face 
out of winding by cutting four chisel-drafts on the margin of 
the stone, the width of chisel being three-fourths of an inch. 
Then point off the waste- cknmi to one-fourth inch of the draft- 
level with a mallet-head point naade out of 5^-iHch bar stceL 
Then take a large-sized tooth-chisel and diisel the whole 
surface. The stone-cutter then takes a large-sized drove and 
droves it over perfectly straight and smooth, to suit a good 
straight-edge. This face is then finished. The tooth-chisel 
is two and one-half inches wide and the drove two and one-half 
inches wide, the pointing mallet four pounds weight, and the 
droving mallet six pounds weight. 

The stone-cutter now takes the face pattern cut out of zinc, 
applies it to the chiselled face, and scribes the outline with a 
lead-pencil ; he takes a drove and pitches off all waste outside 
of the lines ; he turns up the convex side of the stone, which is 
supposed to be the top bed, and runs an arris-draft, keeping as 
close as possible to the pitched line. When this arris-draft is 
complete it must fit the concave templet. 

His next work is to run a draft on the bed at each end of 
the stone, at right angles to the face ; then he points off the 
waste to the eye ; he puts on his concave templet and tooth- 
chisels the bed with drafts until it fits the templet ; he then 
takes his drove and droves it back from the face say four 
inches, to the projection line ; past the wall line it does not 
need droving, for the rest of the bed is buried in mortar. This 
is a rule in all stone-cutting : no stone needs droving that is 
bedded in the wall. If lumps are left it is "nobled," that is, 
struck in a few places where the eye judges there are lumps. 

His next work is to square the meeting-joints. This is 
done by cutting the face arris-draft, then squaring down the 
depth of the joint with two chisel-drafts at right angles from 
the face, pointing off the waste of the intermediate, and then 
tooth-chiselling and droving it over. This is done for both 
joints. Then the stone-cutter takes his section-pattern in his 
left hand and applies it to the end of the Stone. Keeping his 
fingers pressed tight against it (he must not let it slip) he calls 
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on his nearest fellow-workman to help him by holding a 
straight-edge on the face projecting over the end of the stone. 
He takes hold of the concave templet with his right hand and 
presses it on the top bed of the stone. He keeps the edges of 
the pattern pressing against the straight-edge and the concave 
templet ; this will adjust the pattern. Then he scribes all of 
the outlines ; he turns up the concave or setting bed, runs a 
draft at each outline on this bed, the line being given by the 
section pattern. When these two drafts are complete he takes 
his No. I concave templet and applies it to the stone, cuts to suit 
the templet, and this bed is done. His next work is to draw 
chamfer lines on the ends of the stone tangent to the greatest 
number of members ; then he cuts the chamfer or inclined plane. 
The chamfer is the most important of all the mouldings in stone- 
cutting ; it shows every man in the business his way out : we can- 
not cut a common moulded step without chamfering. Very 
often stonecutters commence racing on their work to show their 
strength and ability. It is then they will try to avoid cutting 
the chamfer and take a short cut. They who do this have not 
got a straight member, and their work looks ridiculous, not 
fit to go into a building. But he who cuts the chamfer, his 
face will not blush in the race, for the longest way round is. 
the shortest way home. He will not be ashamed of his work 
when finished, even admitting that he is a little way behind. 
The architect is blinded very often in this work ; the stone- 
cutter is in a hurry to beat his antagonist, and will not adhere 
to the outlines given by the architect ; probably when a scotia 
should have been sunk three-fourths of an inch in the middle of 
a stone five feet long, the stonecutter might not have sunk to a 
depth of half an inch, but he is sure to have it right at the ends. 

On the stone are shown the chamfer and the cutting lines 
of the solid of each member ; also a portion of the mould 
finished, ready for rubbing. There is a templet to correspond 
with each cutting line on the face of the stone. When the 
stone is placed in working position, with its face uppermost, 
the templet is laid on the chamfer. 

The tools used in moulding this stone are i-inch and 
J-inch chisels, points made out of f -inch bar steel, and a mould- 
ing mallet of four pounds weight. 

Four feet in length is a good day's work of this sort. 

No. 21. Carved Boss (Plate III.). — The carved boss is cut 
out of sandstone from the Bellaire quarries of Ohio. This 
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block has been cut into a solid cube, previous to being rounded 
off, to receive free-hand pencilling. The operator bankers up 
the front face, takes it out of winding by four chisel drafts — 
f -inch chisel used — and then points off the waste to within one- 
fourth inch of draft level. He then takes the largest size tooth 
chisel and a six pound mallet made out of hickory wood, and 
chisels the face to a surface level with the drafts. He then takes 
the largest size drove and with the same mallet droves the tooth 
chiselled surface over. Then, having finished the first work, 
he lays out the full size of his stone, by drawing four lines to 
represent a square ; from this plane he cuts the four sides, at 
right angles to it ; the sixth side is left rough, being in the 
wall. The tools he uses on the squaring up of the block are 
points of f-inch steel bar, f-inch drafting chisels, droves, and 
tooth chisels two and one-half inches wide, and a pointing or 
drafting mallet of four pounds weight. 

His next work is to turn up the top bed. This block is of 
strata formation, and therefore it is most essential to have the 
bed of stone adopted by the stone-cutter the same as the nat- 
ural bed. That side of the stone is always called by stone- 
cutters the " free-way.'* So he will turn up the free-way for 
his top bed ; the opposite is the setting bed, which is the free- 
way also. He applies the label section pattern to the bed. 
This pattern projects, say four inches from the face of wall ; he 
projects the boss surface one inch outside of this, which leaves 
it five inches outside of the wall line. He draws a centre line on 
the bed at right angles to the face and finds a point four inches 
in from face on this line, and with a radius of four inches he 
describes a semicircle. This is a cutting-line, to bring the pro- 
jecting part of the stone into a semi-cylindrical shape. Then he 
bisects this cylinder with a pencil-line parallel with the horizon, 
and the lower portion he rounds off to a spherical shape, with 
a concave quadrant templet taken from a circle four inches in 
diameter. When this is done the stone is ready for free-hand 
pencilling, and when pencilled, he cuts the outlines of the leaves 
and gets them into shape ; then he takes a splitter and relieves 
the stems, sinks the eye, splits open the spaces, and then he 
rolls the face of the leaves, and so on, till he suits the eye. 

The tools generally used in carving are the splitters, one- 
eighth, one-fourth, one-half, and three-fourth inches in width 
at the chisel end, the plain chisels of the same width, hammer- 
head drills, and a three-pound mallet. 
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SIGNAL TRIPODS FOR TRIGONOMETRICAL STA- 
TIONS OF THE NEW YORK STATE SURVEY. 

By CARLOS F. FERRER, '83. 

The measurement of large areas is made by observing the 
horizontal angles of triangles, starting, as in all geodetic work, 
from an accurately measured base line ; these triangles, which 
are variously combined so as to form quadrilaterals and hexa- 
gons, are classed and known as primary, secondary, and terti- 
ary triangles according to the length of their sides and the area 
which they cover. 

The signals on which these angles are observed are classi- 
fied and named in conjunction with the triangles with which 
they are used, and it is here proposed to describe the signals 
used by the New York State Survey in measuring the angles 
of primary and secondary triangles (whose sides vary from ten 
to twenty-five, and even to sixty miles in length), the manner 
of erecting the signal and placing the ground marks. Also the 
signals for the tertiary triangles, used by the Summer Class in 
Geodesy of 1882 in their survey of Otsego Lake, N. Y., made 
for the New York State Survey, in which the length of the 
sights ranged from half a mile to two and three miles. 

The locality, previously selected during the reconnoissance, 
is generally the summit of some prominent hill, commanding a 
large field of view, and which at the same time must adapt it- 
self to certain conditions. The next step is the selection of 
the material of which the signal is to be built. The timber se- 
lected is such as can be most conveniently found in the vicinity, 
preferably ash and chestnut. 

Four trees are cut, at least ten inches in diameter and over 
thirty feet in length. Of these, three are to form the tripod, 
and the fourth, which is especially selected so that it shall be 
quite straight, is for the signal pole. The trees are then de- 
prived of all branches, the bark being allowed to remain. This 
done, the timbers are cut to the required length, i,e,, from 
twenty-three to twenty-five feet. The smallest ends of two of 
the tripod legs are then sawed off at an angle, and a hole about 
one and a quarter inch is bored at right angles to the face 
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thus cut, so as to allow the introdactia« ef a one inch bolt, a 
notch being made on the opposite side to allow the nut which 
is to go on the bolt to take a firm hold. Two of the opposite 
sides of the remaming' leg are dressed flat and a similar hole 
bored perpendfcular to the axis of the tree, the same operation 
being performed at about the middle of the observing pole. 
The four pieces are now put together and an iron bolt inserted, 
which is held in place by washers and nuts at both ends, thus 
holding the tripod legs and signal-pole together. 

The entire frame is now raised from the ground and rested 
on a wooden horse, to enable the arranging of that part of the 
signal pole on which the observations are made. This con- 
sists in smoothing down all projections with an axe, and nail- 
ing to the pole pieces of board so as to form a regular hex- 
agonal prism. This hexagonal part, which is from eight to 
ten feet in length, is then painted, the upper half black and 
the lower half white. 

The observing end of the signal pole is now capped by a 
" cone " made of tinned sheet-iron, 8.25 inches diameter at top, 
I I.I inches diameter in mid section, 16.9 inches diameter at 
bottom, and 23.4 inches high, with curved surface, the vertical 
axis of which is made to coincide with that of the observing 
part as nearly as possible. To steady it against the wind, it 
is braced by inserting two pieces of board between the lower 
rim of the cone and the pole, diagonally opposite, and nailing 
it to the latter. 

The surface of the ** cone " is so proportioned that when the 
light falls on it, it shall give a single bright line, and on which, 
when the observing part of the tripod is not plainly discernible, 
the observations are made. The observations thus taken not 
being counted as good as those made on the pole, introducing 
moreover a correction for phase, recourse to it is had as seldom 
as possible. Another objection to relying on the " cone" as 
the observing part is that it is apt to become oxidized from 
the rain and snow, although made of the best materials. 

The surface of this so-called cone, in order that it may give 
the bright line distinctly, is worked out mathematically, but it 
is doubtful if it bears the exact mathematical figure, oii account 
of the material not lending itself readily to shaping, and the in- 
accuracy which is apt to creep in from the difficulty of the 
workmanship. 

Three holes at the vertices of an equilateral triangle, and 
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from three to four feet deep are now dug, and into them the 
legs of the tripod are placed, the tripod is raised by means of a 
shears and tackle, the hauling being done by a horse. 

Once raised, the signal is steadied into position so that the 
observing pole shall be as nearly vertical as possible, and cleats 
are nailed at right- angles to the legs so that the earth, when 
the holes are filled in, shall take a firmer hold on the legs. 

By means of two transits set at equal distances from the 
tripod, and at 90° to each other, the observing pole, which has 
a little play, is made exactly vertical and kept in that position 
by nailing four or five rows of boards from that part of the 
pole which is within the tripod to the legs. These boards, 
besides keeping the observing pole in position, brace it against 
wind pressure. The boards are then painted 
white, so that, forming a marked contrast with 
the background, they will help to find the 
signal easily when the sun does not shine or 
when the cone has become rusted. 

Whatever remains of the observing pole be- 
neath the boards is sawed off, leaving it about 
from ten to twelve feet above the ground, and 
by means of the two transits, the centre of the 
pole is found by taking several points on its 
base and in the same line in which the transits 
are standing, and drawing lines through them ; 
the intersection of these lines is the centre. A 
hook is inserted at the point thus found, and a 
plumb-line and bob suspended therefrom, by 
means of which the centre of the pole and that 
of the ground mark are made to coincide. 
The ground, or as it should more properly be called, the 
surface mark, which is expected to remain for years after the 
signal may have disappeared, consists of a granite monument 
4 feet long and 6 inches square. For about half a foot at one 
end it is dressed smooth and on two of the faces are cut the 
letters N. Y. — S. S., and on one of the remaining faces the 
number of the monument, by which number it is known and 
recorded. Besides the monument there are two earthenware 
jugs with holes in their bottoms so that any water getting into 
them from the ground in which they are buried may run out, and 
even if it should remain and freeze the hole will permit the ice to 
expand in that direction and so save the jug from breaking. 
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A hole five feet deep is dug below the observing pole, and 
an earthenware pot (similar in form to a flower-pot) is firmly 
imbedded and so placed and inverted that the point of the 
plumb-bob suspended from the centre of the observing pole 
shall coincide with the centre of the hole in the bottom of the 
pot. To prevent water from accumulating, the pot is filled 
with dirt, and earth to the height of from four to six inches is 
piled upon it. The granite monument is then sunk vertically 
so that the intersection of the diagonal lines, which are cut on 
its upper surface, shall coincide both with the hole of the pot 
and the centre of the observing pole. The hole is then filled, 
the earth being carefully rammed so as not to disturb the 
monument from its true position. When completed the part 
which has been dressed smooth projects above the ground and 
forms the visible part of the ground mark. 

Two reference jugs, previously filled with earth, are then 
buried about two feet below the surface of the ground. The 
distance of these jugs from the centre of the monument — about 
three feet — and their magnetic bearings (one N., and the other 
E.) with reference to the centre of the monument, are noted 
and recorded. The jugs are placed bottom up in such a po- 
sition that an arrow on the bottom points toward the centre of 
the monument. That the monument may be easily found after 
the signal has ceased to exist, it is customary to make a sketch 
of the surrounding country, giving the bearing of the monu- 
ment to prominent points and its distance from cross-road 
corners whenever it is possible. 

The signals used by the Summer Class in Geodesy of 1882, 
in their survey of Otsego Lake, though not differing essen- 
tially in principle from those of the State Survey, yet may be 
wholly said to do so in the method of erection, much greater 
care being required, owing to the shorter sights. 

A hole two and a half feet deep by about two feet square 
was dug, and in the bottom was placed a marble slab measur- 
ing one foot by eight inches by two inches, having a round 
hole in the centre. A cork was tightly driven into this hole 
and a copper tack into the cork having scratched on its head 
two lines intersecting ; the slab was placed approximately in a 
horizontal position by means of a spirit level and firmly packed 
with earth on all sides. By means of a transit tripod firmly 
placed over the hole, a plumb-bob was suspended and let down 
so that the point of the bob coincided with that of the inter- 
20 
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section of the lines on the tack. When the coincidence was 
obtained the bob was withdrawn without disturbing the tripod. 
Earth was then packed over the slab to a depth of six inches, 
and then the monument, which in this instance was of marble, 
two feet long by six inches square, squared at the top and hav- 
ing a cross cut on top, was set vertically in the hole, so that, 
when the bob was lowered its point coincided with the inter- 
section of the cross-lines of the monument. The monument 
was then firmly packed into position by filling the hole with 
small stones and earth, allowing it to project about three 
inches above the surface of the ground. Should it be sus- 
pected that the monument has been disturbed from its true 
position, or should it be entirely removed, the point can at 
any time be found by means of the marble slab. 

The observing pole for these signals was constructed as fol- 
lows : To a piece of pine board ten inches square and one and 
a half inch thick, and having a hole bored in its centre, cleats 
were nailed, so that, when placed over the monument, the 
centre of the hole coincided with the cross-lines on the monu- 
ment. A piece of hemlock scantling four inches square was 
turned cylindrically for about eight feet of its length and cov- 
ered alternately with strips of white and black muslin, so as to 
render it easily discernible. The cap was then fastened to the 
square end of the pole by means of four long screws, so that 
the centre of the pole and that of the hole in the pine board 
should coincide. 

The signal was then set in position over the monument and 
made vertical by means of two transits at equal distances from 
the monument, and at right angles to each other. When set, 
the pole was rigidly kept so by means of three props of four 
by two inch scantling. 

When observations were made from the station, the pole 
was easily removed by loosening one of the legs without dis- 
turbing the monument. 
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THE UNITED STATES GEOLOGICAL SURVEY. 

By R. D. IRVING, »69, 

UNITED STATES GEOLOGIST, AND PROFESSOR OF GEOLOGY AND MINERALOGY AT 
THE UNIVERSITY OF WISCONSIN. 

Geological surveys under Government auspices have been 
going on in the United States and British America for nearly 
sixty years past ; longer than that, indeed, if we include under 
the name the incidental geological observations made in connec- 
tion with the Government explorations in the far West, in the 
early years of the century. The first regular geological survey 
organized in the United States was that of North Carolina, 
under Olmstead, whose two brief reports were published in 
1824 and 1825. Eight years later, in 1832, came the survey of 
Massachusetts, under the elder Hitchcock, after which soon fol- 
lowed those of Tennessee (1833) and Maryland (1834). In 1836 
surveys were begun of New Jersey, New York, Pennsylvania, 
and Virginia; in 1837, of Connecticut, Indiana, and Maine; 
in 1838, of Ohio and Michigan ; and in 1839, of Delaware and 
Kentucky. 

The next decade saw less activity in the establishment of 
new surveys, though several of those previously established, 
and notably those of New York and Pennsylvania, continued 
in operation. The first survey of Rhode Island was begun in 
1840 ; that of New Hampshire in 1841 ; that of South Carolina 
in 1844; and that of Vermont in 1845. 

Between 1850 and i860 a number of the newer States, viz.: 
Alabama (1850), California (1853), Illinois (1853), Mississippi 
(1854), Wisconsin (1854), Iowa (1855), Missouri (1855), Arkan- 
sas (1858), and Texas (1859), started their first surveys ; while 
several of the older ones, viz.: North Carolina (1852), Ken- 
tucky (1854), New Jersey (1855), Tennessee (1855), South 
Carolina (1856), Vermont (1857), and Michigan (1858), insti- 
tuted new surveys, the first having miscarried, or having for 
one reason or another been dropped in an incomplete condi- 
tion. 

During the first half of the next decade the energies of the 
country were absorbed by the civil war, and most of the State 
surveys were abandoned, or allowed to slumber until better 
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times, though Maine and California started their second sur- 
veys just before the beginning of the war, and New Jersey its 
third survey in 1863. After the war, Kansas (1865), Minne- 
sota (1865), and Louisiana (1869) began their first surveys; 
Texas (1866). Iowa (1867), Indiana (1869), Ohio (1869), and 
New Hampshire (1869), their second surveys; and North 
Carolina (1868) its third. 

Since 1870, only West Virginia (1870), Georgia (1874), and 
Oregon (1874), have instituted first surveys; but Missouri 
(1871), Minnesota (1872), Wisconsin (1873), Alabama (1874), 
Pennsylvania (1874), and Kansas (1875), have begun, and, in 
the case of Wisconsin, completed their second surveys ; while 
Kentucky has inaugurated its third. Florida, Nebraska, Col- 
orado, and Nevada have not published any State geological 
reports, but the latter two States have had much elaborate 
geological work done in them at the expense of the general 
Government. At the present time State surveys are in prog- 
ress, so far as I am able to learn, only in Minnesota, Penn- 
sylvania, Michigan, Kentucky, Georgia, and Alabama, all save 
those of Pennsylvania and Kentucky being on a very small 
scale only. 

The reports of these various State surveys aggregate several 
hundred volumes, which are of all sizes, from the great quartos 
of the New York series to the thinnest pamphlet, and of all 
grades of excellence, both as to the literary and scientific abil- 
ities shown in their preparation and as to the value of the re- 
sults announced. While a very few are manifestly the work of 
wholly incompetent hands, the greater number contain at least 
some results of value ; and some, like those of New York and 
the first survey of Pennsylvania, will long continue to be clas- 
sical. Certain obstacles, however, have been in the way of 
most of these surveys, which have prevented them from reach- 
ing in all directions the highest measure of success. Not to 
speak of the imperfectly developed condition of geology as a 
science when all of the earlier ones of the surveys were prose- 
cuted, we may mention three principal obstacles that have in- 
terfered with their complete success, namely, lack of proper 
pecuniary support, want of accurate topographical maps upon 
which to base the work, and the necessity of confining investi- 
gations within State boundaries. 

Of all the States which have published reports, a few only 
have suffered their surveys to continue long enough to carry 
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out any systematic plan of work ; while none have provided 
means to make it possible to cover the whole area of the State 
in any minute manner. Most of the surveys were originally 
started with wholly inadequate appropriations, and have been 
interrupted sooner or later by legislative hostility or indiffer- 
ence, arising from their inability to produce any satisfactory 
results. In fact, so commonly has this obstacle been met with 
that we should rather wonder, not at the meagreness of the 
results obtained, but at their extent and value. As excep- 
tions to this general rule may be mentioned New Jersey, New 
Hampshire, Michigan, New York, Pennsylvania, Ohio, Illi- 
nois, and Wisconsin ; the last four of which only have accom- 
plished the publication of a final report, covering the whole 
State in a systematic manner. It is not, of course, intended 
to imply that the ground has been exhausted in these States, 
but merely that the reports of their surveys embody a syste- 
matic presentation of geological structure and mineral re- 
sources, completed in accordance with a definite plan adopted 
early in the progress of the work. 

The second of the obstacles mentioned, namely, the want 
of accurate geographical maps of the regions to be surveyed, 
has been felt most in the older States. The Western States, 
being divided into townships and sections by the United 
States Land Office Surveys, are better off in this respect ; for, 
although the Land Office plats are not of any such degree of 
accuracy as to allow of basing upon them any minute struc- 
tural work, they yet are all that is necessary for ordinary geo- 
logical mapping in a region of flat-lying formations, and no 
great irregularities of topography. The section lines being 
only one mile apart, not only furnish the positions of points 
on geological boundaries where they intersect these bounda- 
ries, but are never too far off to measure to. Even where the 
rocks are inclined at a high angle, and not too intricately 
folded — as, for instance, in much of the Lake Superior region — 
the broader belts of rock and greater folds can be mapped 
with a considerable degree of accuracy by pacing off the dis- 
tances to the section lines. In the older States, however, no 
approach, even to accuracy in geological mapping, still less in 
structural work among folded and dislocated rocks, could be 
attained with the maps at command. Of later years the work 
of the United States Coast Survey has, in a measure, removed 
this difficulty along the immediate seaboard, and recently the 
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New Jersey survey has availed itself of the Coast Survey 
maps ; but in most of this region the geological surveys were 
made long before the Coast Survey work was pushed far 
enough to be of any advantage. Moreover, while the Coast 
Survey triangles spread quite far inland, their topographical 
work is still restricted, for the most part, to the immediate 
vicinity of the coast ; so that even now most of the seaboard 
States desiring accurate maps, would have to do their own to- 
pography. 

It was thus necessary for those geological surveyors de- 
siring an accurate basis for their work, to make their own 
maps ; but, since good topographical work is very costly, it 
was far beyond the means appropriated for the geological sur- 
vey of any State to map topographically the whole area of the 
State. A few small areas, when the need of accurate work 
was very apparent, were so mapped ; notably in Pennsyl- 
vania, where the accurate structural and topographical work 
of both the First and Second Surveys has been mainly due to 
the enlightened views of the director of the Second Survey, 
Professor Lesley. Thus it has come that the most valuable 
results to be found in our various State reports are those in 
connection with general stratigraphy and paleontology. To a 
knowledge of the structure of complicated regions, except in 
the most general way, and toward a solution of the problems 
of structural geology in general, these reports, with rare ex- 
ceptions, have contributed only very meagrely. The eco- 
nomic results of most of the surveys have been measurably af- 
fected by the same difficulty, accurate topographical mapping 
being of prime importance in the study of most deposits of 
useful minerals — markedly so, for instance, in the study of coal 
beds among disturbed or undisturbed rocks. 

In addition to these obstacles, our State surveys have had 
to contend with the cramping effect of political boundaries. 
The geology of North America is remarkable for the grand 
simplicity of its general features. Instead of being cut up 
into countless small and always separated basins of deposition, 
each one of which might with profit be studied by itself, the 
United States includes within its area, so far as the post-ar- 
chean and pre-tertiary formations are concerned, only four or 
five great basins of rock growth, over the whole extent of each 
one of which each formation it includes must be traced and 
studied before a satisfactory basis for generalization can be ob- 
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tained. What countless, interminable wranglings as to strati- 
graphical correlations in the States east of the Mississippi, for 
instance, might have been prevented had any one geologist 
been able to follow through its whole extent the formation he 
was studying. Confined by State lines, the earlier geologists 
built up their systems of stratigraphy, and drew their conclu- 
sions only to have them found fault with, or even more or less 
thoroughly discarded, as the next States to the west came to 
be surveyed in turn. The same is true of the archean, tertiary, 
and post-tertiary formations. What one of the State geolo- 
gists was enabled to follow through its whole extent, before 
generalizing, any one of the areas of the crystalline schists of 
the Eastern States, or the tertiary of the eastern and southeast- 
ern seaboards, or the quaternary formations of the Northern 
States ? As to the last-named formations, perhaps, more than 
any others, have restricted observations piled up hasty gener- 
alizations, destined to be swept away by the first comprehen- 
sive survey of the whole ground. 

There is one direction, however, in which a large number 
of the State surveys have conspicuously failed, where the 
failure has not been entirely due to obstacles beyond the con- 
trol of those directing them, and that is the direction of eco- 
nomic geology. The reports of a few surveys, notably those of 
the Second Survey of Pennsylvania, include valuable additions 
to our knowledge of the economic resources of these States, 
but the majority have contented themselves with the most 
general statements as to *such matters. Of x:ourse, in many 
cases the failure has been due to insufficient support, and to 
lack of accurate topographical maps, which, as already said, 
are often all-essential in studying ore deposits. Nevertheless, 
much of the failure is due to the fact that the geologists to 
whom the work has been entrusted have been more eager over 
general stratigraphical and paleontological questions than over 
economic ones. Not that the writer would decry the value of 
general stratigraphy and paleontology ; on the contrary, he is 
well aware of their great value, from a scientific point of view, 
and even acknowledges their frequent value in connection with 
economic questions. Any one, however, who has had much to 
do with the organization of a State survey, knows that most of 
those who have voted money for its support have done so from 
an expectation of economic rather than of purely scientific re- 
sults ; often, too, upon the direct representation of those after- 
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ward engaged in the surveys that such results would follow. 
And yet those who have had these surveys in charge have 
often used the money mainly for purely scientific purposes ; 
for instance, as in the case of Illinois, for the preparation 
of an elaborate series of paleontological volumes, while at 
the same time allowing economic interests to drop out of 
sight, or to be treated in a wholly puerile and inadequate 
manner. 

Under the general Government of the United States, geo- 
logical explorations in the Western States and Territories were 
begun in the early years of the century. Previous to 1867^ 
however, these were in most cases made as auxiliary or sub- 
ordinate to explorations which were primarily for military, or 
purely geographical purposes, the geologist, if any, being com- 
monly a mere attache to a military expedition. Even in the 
cases of the few surveys organized wholly or mainly for geo- 
logical exploration — as, for instance, those of the Mineral Dis- 
trict of Lake Superior, by Foster and Whitney (1849-50), and 
of Wisconsin, Iowa, and Minnesota, by D. D. Owen (1849-51) 
— the work accomplished was of necessity rather in the nature 
of a reconnoissance than of a survey. In 1867 the " Geologi- 
cal Exploration of the Fortieth Parallel,*' under Clarence King, 
and the ** Geographical and Geological Exploration of the 
Territories," under Dr. F. V. Hayden, were begun under the 
authority of Congress. The first of these surveys, which was 
designed to prepare geological maps of the country along the 
Union and Central Pacific Railroads, was carried on, under 
the auspices of the Chief of Engineers of the United States 
Army, for about ten years, the final result being not merely^ 
the preparation of the maps alluded to, but of seven large 
quartos of descriptive and systematic geology. In this survey 
topographical work played a large part, the topography being 
obtained by the rougher methods after a first accurate trian^ 
gulation of the ground, the grade curves representing 300 feet 
vertical intervals. Dr. F. V. Hayden's survey was carried on 
under the Department of the Interior, until discontinued by 
act of Congress in 1879. Its long list of publications are 
chiefly in the nature of annual reports and monographs upoa 
especial subjects, its only strictly geological publication of a 
final nature being the admirable ** Geological and Geographi- 
cal Atlas of Colorado," whose sheets, on a scale of four miles 
to the inch, represent the entire State of Colorado, giving not 
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only its geology, but the topography in contour lines of 200 
feet vertical interval. 

As in the case of the maps of the Survey of the Fortieth 
Parallel, the topography of this atlas was obtained by the 
coarser reconnoissance methods, based upon an accurate pri- 
mary triangulation. Not long after the inauguration of Dr. 
Hayden's survey, the ** Geological and Geographical Survey 
of the Rocky Mountain Region," in charge of Major J. W. 
Powell, under the Department of the Interior, and the "Geo- 
graphical and Geological Survey, West of the looth Merid- 
ian,*' in charge of Lieutenant Geo. M. Wheeler, under the 
Engineer Department of the United States Army, were be- 
gun. Both of these surveys have issued very important re- 
ports and maps, noteworthy among which are Powell's atlas 
and report on the Unita Mountains, and Gilbert's report on 
the Henry Mountains. 

The fields to be covered by these various surveys were 
only very vaguely defined by the acts of Congress. To a 
large extent they plainly overlapped one another, and, as a 
consequence, a good deal of the work was duplicated, and not 
a little jealousy was aroused. The surveys, too, were on no 
permanent basis, being continued from year to year by act of 
Congress. These facts being pressed upon the attention of 
Congress, a clause was introduced into the "Sundry Civil 
Bill," approved June 20, 1878, requiring the National Acad- 
emy of Sciences "to take into -consideration the methods 
and expenses of conducting all surveys of a scientific character 
under the War or Interior Department, and the surveys of the 
Land Office, and to report to Congress ... a plan for 
surveying and mapping the Territories of the United States 
on such general system as will, in their judgment, secure the 
best results at the least possible cost ; and also to recommend 
to Congress a suitable plan for the publication and distribution 
of reports, maps, documents, and other results of the said 
surveys." 

The report of the Academy, made in answer to this re- 
quirement, recommended the discontinuance of the several 
geological surveys then in operation under Powell, Hayden, 
and Wheeler, and of the land surveys under the Land Office. 
It then recommended the maintenance, under the Department 
of the Interior, of two distinct and permanent survey organi- 
zations, viz.: (i) the Coast and Interior Geodetic Survey, whose 
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function should embrace all questions of position and mensura- 
tion — the Coast Survey being thus transferred from the Treasury 
Department to the Department of the Interior, and (2) the 
Geological Survey, whose function was to be the determination 
of all questions relating to the geological structure and natural 
resources of the public domain. According to this scheme 
the Land Office and Geological Survey were to make re- 
quisitions upon the Geodetic Survey for all the mensuration 
surveys needed. This report was acted on by Congress, March 
3, 1879, only so far as the Geological Survey was concerned, 
the Coast Survey and Land Office Surveys being left as at 
present. The act provides for the discontinuance of the Powell, 
Wheeler, and Hayden surveys, and for the establishment of the 
United States Geological Survey as a permanent bureau of the 
Pepartment of the Interior, with a Director at a salary of six 
thousand dollars a year, and an appropriation of one hundred 
thousand dollars for the first year's work. On March 21, 
1879, Clarence King, who had only recently completed his 
great report of the Fortieth Parallel Survey, was appointed the 
first Director. 

Mr. King proceeded to organize his corps on a geographi- 
cal basis, the country west of the lOist meridian being divided 
into four districts, selected so that, as far as possible, each 
should be geologically uniform throughout its extent. Each 
division was provided with a geologist-in-charge, under whom 
was a corps of assistant geologists and topographers, each 
division having also a headquarters within its own area, instead 
of having the corps return to Washington at the close of each 
season. Mr. King's selections for the chief geologists of these 
divisions were most happy. In charge of the Division of the 
Rocky Mountains, including New Mexico, Colorado, Wyo- 
ming, Montana, and enough of Nebraska and Dakota to include 
the Black Hills, with headquarters at Denver, was placed Mr. 
S. T. Emmons, who had been one of King's colleagues in the 
Fortieth Parallel Survey. Another of the Fortieth Parallel 
geologists, Mr. Arnold Hague, was placed over the Division 
of the Pacific, which included Washington, Oregon west of the 
Blue Mountains, and all of California except the desert region 
lying east of the Sierra Nevada, in the southern part of the 
State, with headquarters at San Francisco. Between these 
two divisions lies the ** Great Basin " Division, whose chief 
peculiarity is that the drainage of three-fourths of its area 
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never reaches the sea. In charge of this division, with head- 
quarters at Salt Lake City, was placed Mr. G. K. Gilbert, who, 
from his various reports in connection with the Wheeler and 
Powell surveys, had become widely known as one of the ablest 
geological writers of the day. Still another geologist, who had 
become prominent in connection with the Powell survey. Cap- 
tain C. E. Button, of the Ordnance Corps, U.S.A., was placed 
in charge of the canon region of the Colorado River, with a 
view to the completion of the work Powell had begun there. 

In addition to this arrangement, Mr. King contemplated the 
separation of the work of the Survey under the two heads of 
Mining and General Geology, separate corps of geologists 
under these two divisions to be maintained in each of the terri- 
torial divisions above indicated ; and the Division of Mining 
Geology was established in charge of Professor R. Pumpelly, 
with headquarters at Newport, Rhode Island, although it was 
not thought practicable to carry this part of the organization 
fully into effect until more liberal appropriations for the support 
of the survey should be made by Congress. Indeed, it was 
evidently impracticable to organize any general investigation 
of any large area with the means at command, and have the 
Survey anything more than a reconnoissance. It was therefore 
determined that for the time being, so far as possible, small 
areas of especial importance on account either of their economic 
resources, or of some problem of general geological interest, 
should be exhaustively mapped and examined, and the results 
published in a series of monographs. 

Early in the organization of the Survey the question arose 
as to the meaning of the term ''entire national domain," which 
was used to indicate the scope of the proposed survey in the 
act instituting it If it meant only the Territories, viz., Da- 
kota, Montana, Wyoming, Utah, New Mexico, Arizona, and 
Washington, the work could plainly be organized on no com- 
prehensive plan, and would, moreover, have an ever-decreas- 
ing field due to the formation of new States. On the other 
hand, if it meant, besides the Territories, all lands belonging 
to the United States, its field would still less be capable of any 
comprehensive or systematic survey, for such lands are scat- 
tered in detached lots of all sizes, not only in the new States of 
the far West, but also in all of those of the Mississippi Valley, 
and even in some of those farther East. Again, it might with 
propriety be held to mean the whole area of the United States. 
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If this were its intent, then plainly the organization must be 
on a wise and generous basis, adapted to the continuous work 
of a long series of years. Pending the decision of Congress as 
to this, Mr. King was disposed to construe the words to mean 
the whole area of the country, and to provide for other divi- 
sions than those above mentioned, covering the remainder of 
the United States. 

In 1881, Mr. King, feeling compelled to retire by the pres- 
sure of his private affairs. Major J. W. Powell, previously 
chief of the Survey of the Rocky Mountain Region, was ap- 
pointed his successor. Otherwise, the personnel of the Survey 
and the work in which each member of the corps was engaged 
continued unchanged. The general policy of the Survey, so 
far as the prominent position given to economic geology and 
to the exhaustive study of separate geological problems was 
concerned, also remained unchanged. The territorial arrange- 
ment was, however, abandoned, and the policy of assigning 
for study to geologists whose experience particularly fitted 
them for the work in each case, of especial geological prob- 
lems, or especial formations, independently of territorial re- 
strictions of any sort, was given full play. 

In the extra session of Congress in 1879, the House of Rep- 
resentatives, by a strong vote, directly authorized the ex- 
tension of the Survey over the whole United States, but the 
resolution failed of action in the Senate because of the ad- 
journment of the session. The two sessions of the next Con- 
gress, while provision was made for the expenses of the 
Survey at the rate of about $150,000 a year, passed without 
action on the matter of territorial extension. In the bill pro- 
viding for sundry civil expenses for the year ending June 30, 
1883, however, a direct authorization of the extension over the 
whole territory of the United States was included, the appro- 
priation for the Survey being at the same time increased to 
$250,000. The same act provides for the expenditure of 
$10,000 of this appropriation for the collection of mineral 
statistics. This important action of Congress enabled the Di- 
rector of the Survey to provide for the expansion of its work 
by the establishment of the two new divisions of Mining Stat- 
istics and Geography, and by inaugurating the investigation of 
various new geological problems by geologists known in each 
case to be especially acquainted with the problems given them 
to solve. 
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The following paragraphs include a brief account of the 
more important investigations now in progress by the Survey, 
and at the same time of its personnel, so far as concerns those 
who are directing investigations, or doing any independent 
work. 

Major Powell himself is engaged in continuing his studies 
in the Caflon District of the Colorado River. In order that 
the lower formations of the Grand Caflon may be studied, a 
trail has been built into the caflon nearly opposite the mouth 
of the Little Colorado River, and Mr. Charles D. Walcott is 
now encamped in the caflon, continuing this work. 

Captain C. E. Button, whose magnificently illustrated vol- 
ume on the "Tertiary History of the Grand Caflon of the Col- 
orado " is the first published of the Monographic Series of the 
Survey, having been for some months past studying the living 
volcanoes of the Sandwich Islands, is now about to devote 
himself to a study of the volcanic regions of Northern Cali- 
fornia and Oregon. 

Mr. G. K. Gilbert is completing his study, begun ten years 
since, of the ancient Lake Bonneville, which was the greatly 
expanded forerunner of the Great Salt Lake, and whose 
desiccated bed now forms the Salt Lake Desert. Under 
his direction also Mr. I. C. Russell is working out the former 
extension and conditions of the once equally great Lake La- 
hontan, whose bottom forms the deserts of Nevada. By a 
careful study of the deposits and various shore lines of these 
ancient lakes, Mr. Gilbert has been able to work out a series 
of oscillations in the climate of the Great Basin during a very 
recent geological period. 

Mr. Arnold Hague is completing an exhaustive study of 
the famous Eureka Silver District of Central Nevada. His 
results will shortly appear as one of the monographic volumes 
of the survey, accompanied by an elaborate atlas. 

Mr. S. F. Emmons, who has just completed a monograph 
on the geology and mining industry of Leadville, is preparing 
to study in a similarly exhaustive manner the famous Silver 
Cliff district of Colorado, which has recently been mapped in 
detail for him by the topographical corps of the Survey. 

Mr. G. F. Becker, whose monograph on the Comstock 
Lode and Washoe District of .Nevada forms Vol. III. of the 
Monographic Series, is now devoting his attention to the re- 
markable quicksilver districts of New Idria, New Almaden, 
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Knoxville, and Sulphur Bank, in California. These districts, 
which are of extraordinary interest, not merely on account of 
their economic importance, but also on account of the bearing 
of their quicksilver deposits on the question of vein formation 
in general, have already been minutely topographically mapped 
with ten foot contours, and will be described in detail in an- 
other one of the monographic volumes. 

Professor T. C. Chamberlin, Chief Geologist of the lately 
completed Wisconsin State Survey, who has already added 
greatly to our knowledge of the nature and mode of produc- 
tion of the glacial drift of our Northern States, has for two 
years past been prosecuting an extended study of the glacial 
deposits from Dakota to the Atlantic seaboard. His first pub- 
lication under the auspices of the United States Survey will 
appear in the third annual report of the Director, now in press, 
and will undoubtedly mark an epoch in glacial period literature, 
for not only has Professor Chamberlin shown himself particu- 
larly acute in reading this class of deposits, but he is the first 
who has followed them throughout the greater part of their 
extent. 

The writer of this article, whose memoir on the copper- 
bearing rocks of Lake Superior will shortly appear as Vol. V. 
of the Monographic Series of the Survey, has now turned his 
attention to the older rocks of the same region, and has begun 
a general examination of the crystalline schists of the North- 
western States, his field extending from the northern end of 
Lake Huron to the southeastern corner of Minnesota. The 
crystalline schists of this region embrace the so-called Lauren- 
tian and Huronian formations and offer an unusual opportunity 
for an investigation, not merely of the very interesting struc- 
tural and stratigraphical features of the rocks themselves, but 
also into the wider question of the genetic relations of the crys- 
talline schists in general. These rocks also include the very 
important iron districts of Marquette and the Menominee River, 
and the new Gogebic district of Michigan and Vermilion Lake 
district of Minnesota, the latter of which, now fifty miles out in 
the unbroken wilderness of Northern Minnesota, is likely ere 
long to equal the Marquette and Menominee regions in im- 
portance. Of these iron districts it is proposed to make es- 
pecial studies, with a view to a solution of the problem of th^ 
genesis of the ores and to the preparation of detailed maps to 
be utilized by the iron explorer and miner. 
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Paleontological investigations are in progress, under the 
auspices of the Survey, by Dr. C.White, Mr. L. F. Ward, Mr. 
L. F. Johnson, Professor W. F. Fontaine, and Professor O. 
C. Marsh. The last-named gentleman has in preparation 
several elaborately illustrated monographs on the gigantic and 
otherwise extraordinary mammals, birds, and reptiles which 
he has of late years been so industrious in unearthing from the 
cretaceous and tertiary deposits of the far West. 

The Division of Mining Statistics, especially provided for 
by act of Congress, is under the charge of Mr. Albert Williams. 
This division it is designed shall carry on the work so ably 
begun some years since by Raymond, extending it over the 
whole country and over all classes of valuable minerals. 

The topographical work of the survey is under the direction 
of Mr. Henry Gannett, Chief Geographer. The geographical 
work of the survey prior to 1882 was almost entirely confined 
to the detailed surveys of such mining districts as were being 
geologically investigated. It becoming evident, however, 
since no provision had been made by Congress for supplying 
the survey with good maps as a basis for the geological work, 
and since such maps are wanting for nearly all of the country, 
that the topographical work must be undertaken on a larger 
scale, a special topographical corps was therefore organized, 
and it was decided to devote a certain amount of each year's 
appropriations to topographical work, to go in advance of the 
geological work. Two classes of maps are made by this corps. 
The more general maps, as prepared for publication, are upon 
a scale of yrTjViriri o** approximately four miles to one inch, in 
approximate contour lines having a vertical interval of two 
hundred feet, the ordinary atlas sheet comprising two consecu- 
tive square degrees, or areas included between two consecutive 
parallels and meridians. 

A second class of maps includes detailed topographical 
maps of such regions and upon such scales as may be deemed 
desirable by the geologist examining them. The general 
geographical work is organized in four divisions, each consist- 
ing of a triangulation party and one or more topographical 
parties. One of these divisions, under Mr. Gilbert Thompson, 
is mapping the volcanic region of Northern California, south 
and east of Mount Shasta. A second division, in charge of 
Mr. J. H. Renshawe, is engaged in the country about the head- 
waters of the Yellowstone and Missouri Rivers, in Southwestern 
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Montana. A third, under Professor A. H. Thompson, is oc- 
cupied in New Mexico, and a fourth, under Professor W. C. 
Kerr, in the Southern Appalachians, where it is designed to 
cover portions of North Carolina, Tennessee, Virginia, West 
Virginia, and Kentucky. Topographical work has also been 
begun in the Ozark Mountain region of Arkansas, besides 
which the detailed maps of a number of small districts of es- 
pecial economic or structural importance are in various stages 
of progress. The season of 1882 —a short one, on account of 
the late date at which the appropriations were made — shows, 
as I am informed by Mr. Gannett, a total area of nearly ten 
thousand square miles of topography mapped and an area 
several times as great included within the lines of the primary 
triangulation. In the work in the eastern mountains much 
time has been given up to experimenting as to the best 
methods to adopt. Densely covered with forest, these moun- 
tains offer obstacles to the topographer not met with in the 
relatively treeless regions of the west. 

The publications of the Survey include annual reports, mono- 
graphs, and bulletins. The annuals, of which the third is now 
in press, contain not only an account of the progress of the 
work, but also abstracts of all the results which it is designed 
to publish in extenso in the monographic series, the latter 
being distributed only by sale or exchange, while the annuals 
are gratuitously distributed in large numbers. This is the only 
way in which the results of the Survey's work can reach the 
larger portion of the general scientific public. The bulletins 
contain shorter scientific papers on various subjects connected 
with the work of the survey, and are also distributed only by 
sale or exchange. 

It is hoped that this account of the organization and work 
of the United States Geological Survey may be of interest to- 
the readers of The Quarterly, 

The mining engineer or mining geologist being for the most 
part engaged in the practical applications of geology, they can 
best appreciate the good that may come from the successful 
prosecution of so generously organized a survey. While it is 
usually undesirable to insert much geological matter in a re- 
port on a mining property, whose owners want merely to know 
the quality and quantity of the ore, nevertheless the engineer 
needs at least a good general notion of the geology of the 
region before he can reach satisfactory conclusions as to prob- 
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able future yield of an ore deposit. Often, indeed, these cao 
only be reached after the most minute examination of all ex- 
posures and openings as well. Too frequently our engineers 
neglect altogether the geological relations of the deposits they 
examine, but even where they are not disposed to this neglect, 
it is generally beyond their power to prosecute any extended 
geological examination. This work the United States Survey 
proposes to do for them as far as possible, and to furnish for 
each important mining district a foundation upon which en- 
gineers can work, and upon which they can base their own 
conclusions as to the value of the property under examination. 



THE PRESENT ASPECT OF ORE-DRESSING IN 

EUROPE. 

( Continued from p. 218.) 
By W. B. KUNHARDT, E.M., »8a 

The hydraulic sorting of screen-sized ore classes by means 
of jigging is almost universal, and yet in a few cases in which 
the ore consists of a single mineral species that is very easily 
separated from its rock gangue, no such accurate machine as 
the jig is required. A very interesting ore of this kind occurs 
at Bleiberg, near Commern, in the Eifel Mountains, west of 
the Lower Rhine. It consists of a very friable, white, Trias- 
sic sandstone, through which are disseminated small nodular 
particles of galena cemented to quartz. Each nodule carries 
twenty to thirty per cent, of lead, while the ore, as a whole, 
runs two per cent, of lead. The mechanical treatment consists, 
first, in separating the nodules from the sandstone, and sec- 
ondly, in stamping the freed nodules and washing the resulting 
slimes to raise the proportion of lead to sixty or sixty-five per 
cent. The first separation is a very easy one : the soft ore is 
often hardly more than a compact sand ; ninety per cent, of it 
is sized without any preparatory crushing ; the larger sizes are 
hand-sorted and jigged, but the bulk of the ore, the stuff under 
6 mm. (i inch), is treated on an automatic syphon-separator 
which is remarkable for its simplicity and great capacity. The 
products from this apparatus are : Overflow^ sand which is dis- 
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carded ; Precipitate^ nodules of cemented galena and quartz, 
and some fine sand — sized on a ij mm. sieve which yields over 
the sieve, material for stamping followed by hydraulic classifi- 
cation and slime-washing, and through the sieve, stuff to be 
treated on a second syphon-separator ; this in turn produces a 
light overflow which goes to stationary round tables, and a pre- 
cipitate that is treated on four-sieve jigs. 

The syphon separator * in its simplest form consists of a 
deep, narrow box with two compartments, which communicate 
to form an inverted syphon. One compartment receives a con- 
tinuous supply of water, on the surface of which there is a float 
attached to the movable end of a single-armed lever, above. 
The second compartment is furnished with a funnel-shaped false 
bottom, consisting of a sieve with finer mesh than the material 
treated ; in the apex of the funnel is an outlet pipe, controlled 
by a plug stopper which is suspended from the same lever that 
is attached to the float. The ore is fed continuously into the 
second compartment of the apparatus, and settles on the fun- 
nel sieve. Water coming from the first compartment passes in 
ascending current through the false bottom, raising the ore- 
gangue and discharging it over a dam. The mineral accumu- 
lates on the sieve, soon impeding the passage of the rising cur- 
rent. It acts like a liquid of heavy specific gravity in one arm 
of the syphon ; the water-level therefore rises in the other arm, 
carrying the float with it ; by this movement the lever is raised 
and draws the suspended stopper from the neck of the funnel, 
allowing the mineral to escape through the outlet pipe. The 
float then falls and the operation is repeated. This simple ap- 
paratus treats sixteen hundred tons of sand in twenty-four 
hours, with a consumption of one-fourth cu.m. of water per 
minute, or sixty gallons of water per ton of ore. Its introduc- 
tion makes it practicable to work four thousand tons of ore 
per day at small expense, and so realize profits on very low 
grade material. The action of the separator is the same as 
that of a spitzlutte, with advantages over the latter, for this 
peculiar work, of a smaller consumption of water and an auto- 
matic regulation according to changing size or quality of the 
ore. 

^ The Syphon Separator : Henry, Preparation Micanique^ Ann. des Mines, 187 1, 
6 s^r., tome xlx., p. 355, with illustrations. Illustrated description of separator and 
review of the Mechernich processes of ore-dressing and smelting : Engineering and 
Mining Journal, 1877, vol. xxiii., pp. 121 and 136. 
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The mechanical treatment of ores from lump size down to 
one and one-half, or two millimeter sand grains presents on the 
wholej in its newer phases, only that variety in detail which is 
due to differing qualities of the ores, and to various local and 
pecuniary considerations. Wherever there is considerable dif- 
ference between the specific gravities of the minerals to je 
separated (^.^. galena J, 6 and pyrites 4.8 to 5.1) future ad- 
vances in this field lie not so much in the direction of further 
concentration, or of reducing mineral losses, as in a greater de- 
velopment of continuity between the processes and mechanical 
improvements of the individual types of apparatus. In cases 
where the specific gravities of the different minerals are only 
slightly different {e.g. blende, 3.9 to 4.2 ; iron pyrites, 4.8 to 5. i ; 
copper pyrites, 4.2 ; spathic iron, 3.7 to 3.9, and baryta, 4.3 to 
4.7), the ordinary methods of separation involve far too much 
hand treatment,^ but recently better mechanical processes have 
been devised for such seperations, and judging from the work 
actually accomplished, they give promise of securing a more 
general adoption. The treatment of ore in fine sizes and finely 
mineralized offers no such encouraging prospects : opposing 
opinions on the subject of slime-washing and correspondingly 
diverging modes of treatment are found in many of the mills, 
and it is but too evident that a broad theoretical basis upon 
which to develop sound practice is wanting in this department. 
With the single exception of new, successful methods of com- 
minution, no important and completely satisfactory advance in 
the system of slime-dressing has been made in foreign mills for 
a long time ; not that such advance has ceased to be a great 
desideratum, for the losses in slime treatment continue to be 
high, but the problem is one which still seeks a solution. The 
only improvements as yet to be noted in slime concentration 
are more or less successful developments of old methods, so 
as to apply in newer apparatus the economies of continuous 
working, and to effect large, though still far from satisfactory, 
savings of fine mineral. 

The principal operations in slime-dressing are comminution 
of finely mineralized ore, hydraulic classification or sorting of 
the resulting slimes, and hydraulic sizing of the sorted material 
by means of buddies, tables, etc. For convenience of descrip- 
tion this order will be adhered to in discussing the operations, 
though occasional digressions will be necessary for the pur- 
pose of explaining the rationale of some particular treatment 
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by an immediate consideration of the operations which sucn 
ceed it/ 

Fine Comminution, — The ore classes with finely divided 
mineral, from hand-sorting and jigging, are subjected to com? 
minution to unlock their constituents preparatory to further 
concentration. Drop-stamps are still the most common kind 
of apparatus used for this work. The fine stamp-ore frpm jig^ 
ging is always mixed with coarser stamp-rock from hand 
treatment, in order to supply the stamps with the kind of stuff 
that is most easily worked. The size to which the ore is to 
be reduced by the comminution depends upon the fineness 
of its mineralization. Stamping is usually carried to i or i\ 
mm. (5^ inch), but a large portion of the rock is always un- 
avoidably reduced to a finer condition. There is an interest- 
ing practice at Schemnitz, Hungary, in treating an ore of ar- 
gentiferous galena and copper pyrites with finely disseminated 
free gold in a qjuartzose gangue. The ore is crushed under 
light wooden stamps to 2 mni. (^ inch), and then classified in 
spitzlutten — Syphon V troughs — and concentrated on percus- 
sion tables ; the " heads " are galena and pyrites ; the '* mid- 
dlings '.* — coarser but specifically lighter than the heads— con- 
sist of quartz carrying free gold and fine galena and pyrites, 
while the tails are very fine galena and pyrites with quartz pulp. 
The middlings are re-stamped to 0.4 mm. (about ^ inch), and 
passed through amalgamation pans to obtain the gold, after 
which the stuff is washed on various slime-tables. By this 
method much less galena is lost than would be the case if all 
the ore had been crushed to 0.4 mm. in the first reduction. 

The principle of building light stamps with high drop and 
high speed, involving the use of single or double-toed cams and a 
large discharging capacity, has been gradually adopted, though 
there fire many mining regions in which the old-fashioned slow 
speed stamp battery is still in use. The ore delivery into the 
battery is always automatic, so that one man is able, in a large 
mill, to take the charge of eighty to one hundred and fifty 
stamps. The self-feeder is actuated either by a blow upon an 

* The word slime is used in this article in a generic sense, as a rendering for the 
word Trtube of Germs^i ore-dressing terminology ; it comprises all classes of material 
commonly treated in the slime department of a mill — from i or 1.5 or even 2 mm. 
down. Orft between 2 and i mm. (-jV to -}$ inch) v& fine sand; coarse and fine' 
meals range from i to a 35 mm. {^ to^f inch) ; all material below a 35 mm. is 
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elbow-lever from a special tappet on one of the stamp shafts, or, 
preferably, by an independent cam or eccentric. A quick and 
very short reciprocating motion for the feeding trough has not 
been found as satisfactory as a slow motion ; with the former 
the fine ore is apt to pack in large supply hoppers. A portion, 
and sometimes all, of the stamp-water is used to promote the 
discharge of the feeder. The ore is usually fed to the middle 
stamp of a battery, the order of stamp drops being such the 
middle stamps tend to drive the stuff toward the ends of the 
mortar, while the end stamps send it back again. A supply of 
ore given to each separate stamp would probably increase the 
capacity of the battery and could readily be produced by auto- 
matic means. The cam-shafts of the batteries are not, as a 
rule, very close to the stamps, so that a deficiency of ore and 
the striking of a stamp-shoe thereby occasioned upon the mor- 
tar die, does not, as in the California stamp, involve the danger 
of injuring any of the cams by the low level of the falling tap- 
pets, and hence a very careful ore delivery does not seem to 
be considered of vital importance. An accumulation of ore 
under the end stamps of an ordinary battery has been pre- 
vented at the Clausthal dressing works by removing, as far 
as practicable, the objectionable ends — that is, by increasing 
the number of stamps in one battery from five to eleven heads 
which receive the following order of drop : 6, 2, lO, i, 11,3, 
9. 8, 4, 7» 5- The stamp-shoes are of tough steel, rectangular, 
1 20 X 180 mm. (44 x7| inches), and 380 mm. (i 5| inches) high, set 
very close together, so that the stamp stems are only 125 mm. 
(5 inches) from centre to centre, and the battery, notwithstanding 
its large number of stamps, retains a compact form. The cast 
iron die is in one piece, which has a face half an inch broader 
than the length of the shoes ; this proportion has been found 
to secure the most regular wear both of the shoe and die, with- 
out incurring the formation of deep pockets in the die with the 
attendant production of fine pulp. A shoe lasts a year (work- 
ing twenty-two hours per day) while the die is worn out in ten 
to twelve weeks. The weight of one stamp is 200 kg. (440 
pounds) and the drop is 200 mm. (8 inches) ; the speed at which 
the stamps are run is 60 drops per minute, and the maximum 
capacity of an eleven-stamp battery, including stoppages for 
repairs, is 15 tons of jigged and hand-sorted quartzose stamp 
rock which is crushed down to i mm. in twenty- two working 
hours, making an output, therefore, of \\ ton per day for each 
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head.' An inspection of old shoes and dies showed that their 
wear was in many cases just as regular as that often observed 
in the corresponding parts of the rotating California stamp. 
The compactness of the battery, and the small amount of lost 
space in the mortar, are strong recommendations for this form 
of the gravity stamp mill with close-set non-rotating stamps. 

The method of simple discharge through a sieve has been 
tried and discarded on account of the large proportion of need- 
lessly fine slime which is thereby produced. The " stay-battery *' 
is the generally preferred form ; it effects the discharge from 
the mortar^ through a sieve into a stay-box, out of which the 
slime issues through a plug-hole with twenty to twenty-four 
inches of hydraulic head. The battery discharges only upon 
one side, and the sieves have retained the old vertical position, 
which in a stay-battery may be equally as good as an inclined 
setting. The stamp-shoes are not lifted above the water-level 
in the mortar, so that splashing is avoided, while a free circu- 
lation of water exists on both sides of the sieve, promoting the 
discharge of slime from the mortar and keeping the sieve sur- 
face clean. To reduce the amount of ** dead stamping " — or 
needlessly fine comminution — the lower edge of the sieve is set 
on a level with the upper surface of the die or dies in the 
mortar ; in some cases several sieves placed in frames which 
have bottom pieces of different widths are successively used, so 
as to lower by this contrivance the sieving surfaces as the dies 
wear down. Woven sieves of brass wire are commonly pre- 
ferred to perforated sheet in the mortars because they offer a 
greater discharging area.' They need slight repairs after the 
first fortnight of wear, and last, with frequent patching, from 
two to three months. 

The water consumed in wet stamping varies with the de- 
gree of reduction ; the coarser the slimes are to be, the 
quicker the ore has to escape from the mortar, and hence the 
greater will be the flow of water through the battery. At 
Clausthal an eleven-head battery, crushing to I mm., requires 
7i cubic feet of water per minute, or 9,900 cubic feet per day 
of twenty-two hours, making 660 cubic feet (equals 20.4 tons 
of two thousand pounds) or 4,400 gallons per ton of ore. At 

' Under ordinary conditions, without observing special care in feeding, the run- 
ning capacity of a battery is not over 10- 11 tons per day, or barely i ton per head. 

' In Cornwall punched copper sieves with thirty-two to thirty-six i mm. holes 
per square inch are the kind in general use. 



Digiti 



ized by Google 



304 THE QUARTERLY. 

different mills the water-supply for a stay-battery is found to 
vary from 3»SOO to 9,000 gallons per ton of ore which is 
stamped to i mm.; an average is about 0.6 cubic foot per 
minute for each stamp-head, which makes 4,600 gallons or 
2\\ tons of water per ton of ore.' These figures argue in favor 
of the stay-battery, for the quantities of water consumed are not 
large considering the coarseness of the stamping ; when the 
reduction is carried to the size of fine pulp, experiment and a 
limited practice have shown that the supply of feed water can 
be reduced by fully one-half, without impairing the crushing 
capacity of the battery for that particular work. 

In some stamp batteries of recent construction the frame, 
mortar, etc., have been built of iron, and the shoes and dies 
are of steel which is very tough rather than hard. At Przibram 
a stamp battery has been erected which is characterized by the 
introduction of slotted stamp stems ; the cam shaft is placed 
very close to the stems, and the cams, in revolving, pass 
through the slots. The purpose of the design is to bring the 
lift as near as possible into the line of gravity of the stem, and 
so reduce the requirenxent for motive power. A second bat- 
tery has been erected with rotating stems — a slightly modified 
design of the California stamp. Very careful experiments were 
made with these two forms of battery,* the result being that 
for a given amount and kind of crushing the stamps with slotted 
stems required barely over three-fifths as much motive power 
as the rotating stamps. The final judgment in the trial, how- 
ever, was in favor of the rotating stamps, because their capacity 
was twelve to twenty-five per cent, greater, and they caused 
less wear of the steel shoes and dies. 

Pneumatic stamps have been used with success in England. 
In one of the prevailing forms a horizontal crank-shaft moves 
a number of air cylinders up and down ; in each cylinder there 
is a solid piston to which a stamp is attached by a long stem. 
When one of the air cylinders is in its lowest position the cor- 
responding stamp rests upon the mortar die, and its piston oc- 

* In good American practice the water-supply averages a 5 cubic foot per minute 
for each stamp, in crushing to a fine pulp („^tf to jii? inch), which would amount to 
nearly 3,000 gallons, or 13I tons of water per ton of ore, allowing that the crushing 
capacity per head be 36 hundredweight in twenty-four hours. 

* Description of the stamps, and details of experiments: Berg-u. Huettenm. 
Jahrbuch der Bergakademien zu Leoben u. Przibram u. Schemnitz,. vol. xxix., 1881. 
Illustrated description of stamp battery with slotted stems: Ocst. Zeitschr. fur 
Berg-u. Huettenwesen, vol. xxviii., p. 336, 1880. 
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cupies the middle of the cylinder. As the cylinder rises the 
air below the piston is compressed and the stamp is jerked up ; 
during the reverse stroke of the cylinder, compression takes 
place above the piston with the effect of driving the stamp 
down with greater speed and force than a simple drop-stamp 
of the same weight would attain. There are two rings of aper- 
tures near the middle of the cylinder to allow the escape of air 
which is displaced by the actual motion of the stamp, so that 
the blow is never weakened by cushioning.' Each stamp 
strikes 150 blows of 15 inches drop per minute ; the revolving 
cranks have 5 inches pitch. A pair of stamps crushes 10 to 13 
tons of hard tin ore. in ten hours, or fully ten times as much 
per head as the old Cornish drop-stamps, with a diminished 
expenditure of fuel per ton. The practical results at several 
mills running on very hard rock have shown a consumption of 
40 to 60 pounds of soft coal per ton of ore. The increased 
output has, to a certain extent, been found proportional to an 
increased striking surface of the stamp-shoe. The first cost of 
a plant with atmospheric stamps is said to be 60 per cent, 
less than that of one with the ordinary Cornish drop-stamps of 
the same capacity. The principal influence operating against 
the more general introduction of the atmospheric stamp has 
been the cost and frequency of repairs. Several causes of wear 
have been eliminated in the English stamp by playing cooling 
jets of water upon the stamp-rods, and by placing the air 
cylinders so high above the mortar as to be beyond the reach 
of splashing grit and slime. As soon as the durability of the 
atmospheric stamp in its present, or even in a still more im- 
proved form, becomes satisfactorily established, this kind of 
battery will merit an introduction wherever stamps are to be 
used for crushing except, perhaps, in mining regions which 
are very difficult of access. 

When ore is to be crushed to the size of fine sand, and not 
to an impalpable pulp, even the best stamp batteries are very 
objectionable, because they reduce by far the greatest propor- 
tion of the ore — frequently over ninety per cent. — to a much finei* 
condition than is required. Pulp slime is very unsatisfactory 
material to treat on account of the imperfect methods which 
prevail, and its presence in large quantities adds greatly to the 

^ Illustrated description of the paeumatic stamp, with details of working: Tnuis- 
actions. North of England Institute of Mining and Mechanical. Engineers^ voLxxx., 
p. 139, 1880-81. 
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cost of dressing. Owing, moreover, to the soft or brittle na- 
ture which the mineral exhibits, as compared with the ore- 
gangue, the pulp is frequently richer than the sand and meal ; 
in some cases it runs four times as high in mineral as these — a 
condition which tends to increase all the more the losses in 
washing. The successful design of new forms of comminuting 
apparatus, which perform satisfactory crushing without the 
production of much pulp slime, is therefore an advance of per- 
manent value in ore-dressing, and that it is regarded as such 
the rapid introduction of the new machines and the discarding 
of stamps in many of the works attests.* None of the earlier 
crushing mills — the Carr disintegrator, the Motte, the Vapart, 
and the Ball mills, and many others in which the action gen- 
erally depends upon the friability of the ore — have come into 
common use, except for reducing coal, phosphates, and other 
comparatively soft substances, or for certain special separa- 
tions, of which, examples will be given in another place. Many 
of these apparatus cannot crush to sand and meal sizes with- 
out producing much pulp ; the degree to which they com- 
minute admits of no sufficiently definite regulation, and, if 
applied to hard ores, they absorb much power and suffer great 
wear. The newer machines are more positive in their action, 
and less subject to rapid deterioration. Among the leading 
types are the Dingey pulverizer, the Heberle mill, the Brink 
and Huebner disintegrator, and the Schranz roller mill. 

The Dingey mill is an English machine which has repeat- 
edly been described.' It consists essentially of a horizontal, 
slowly rotating, shallow pan, the vertical rim of which con- 
tains sieves. Four horizontal, annular disc runners are set 
close down upon the bottom of the pan, and revolve at a rate 
of two hundred revolutions per minute. Ore is fed with water 
through the open centre of each disc, and is then caught and 
ground between the flat surfaces of the discs and the bottom 
of the pan. Radial furrows in the pan bottom and spiral 
grooves in the runners aid the passage of the ore through the 
grinding space and convert a part of the comminuting action 

* An interesting comparison 1>etween stamping, fine rolling, and grinding, is found 
in an article by Habermann : Jahrbuch der Bergakademien zu Leoben u. Przibram 
u. Schemnitz, vol. xxx., 1881. 

* The Dingey Mill ; illustrated description, with a series of comparative tests for 
crushing effect and motive power: Oest. Zeitschrift f. Berg-u.Huettenwesen, Nos. 
23 and 24, 1878. Cornish Experiments, illustrated : Trans. North of England 
Inst, of Mining and Mech. Engineers, vol. xxx., p. 142, 1880-81. 
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into shearing. The crushed material, acted upon by centrifugal 
force, flies against the sieves, and, if sufficiently fine, passes 
through them. The direct wearing surfaces of the runners 
and the bottom of the pan are fitted with replaceable shoes of 
chilled Bessemer steel or of chilled cast-iron ; the latter has been 
found more durable than the steel. Though the sieves prevent 
over-sized particles passing out of the mill, experience has 
shown that they impair seriously the capacity of the appara- 
tus, and hence they are not employed in the Neuerburg mill, 
which is another machine of horizontal form. All machines 
with horizontal runners have certain common disadvantages : 
the slightest want of symmetry or equilibrium in the runners 
is productive of irregularities in the wear which it is impos- 
sible to overcome, and the degree of comminution is not 
under perfect control. The crushing pressure is produced by 
the weight of the runners upon the ore, and although it might 
be increased by the use of springs, the pressure can never be 
practically diminished (for the treatment of very friable ores 
or for coarse work) to less than that fixed weight. 

Machines of later design have been constructed on the 
same principles as the Dingey pulverizer, but with vertical 
runners and one or more vertical revolving plates. The best- 
known and most commonly used machine of this kind is the 
Heberle mill.* It consists of a large, slowly rotating plate set 
on a horizontal axis, and two small, rapidly revolving runners, 
each with a plane annular grinding face and a coned centre, 
and both set on the same side of the turning plate, very close 
to and parallel with it, and in the fields of its lower quadrants. 
Ore supplied by launders to one side of the large plate passes 
through radial openings arranged in it in a ring, and falls di- 
rectly upon the narrow slit between the inner edge of the 
grinding face of each runner and the wearing surface of the 
plate. Seized by the runners and partly ground and partly 
sheared, the ore is reduced, and drops out through the bottom 
of the machine. The closeness of the runners to the plate and 
the pressure they exert upon the ore can be accurately ad- 
justed by hand-screws and rubber resistance buffers. The 
wearing parts of the machine are made so as to be easily 

' Illustrated description of the Heberle Mill : Berg-u. Huettenm. Zeit'g, vol. 
xl, p. 400, 1881. Illustrated description and comparative experiments between the 
Heberle and Dingey Mills: Oest. Zeitschrift f. Berg-u. Huettenw., vol. xxviii., pp. 
3S4and58i, 1880. 
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replaceable ; shoes on the runners last for 80 twelve-hour 
shifts.' . 

All grinding machines crush material of 3 to 10 mm. (^ to 
I inch) down to i to 2 mm. {^ to ^ inch), and they have 
even been employed to carry reduction down to 0.75 mm. 
They work to poor advantage and with very small capacity on 
ore above 4 to 5 mm. {\ inch) in size. As the result of long 
continued working on quartzpse ore at Przibram, the quantity 
of material crushed down to 2 mm. (^ inch) by a Heberle mill 
with two runners was : 

2,466 pounds of 4 mm. ore per hour, 
1,368 •' 6 

1,157 " 9 

which proved to be double the capacity of a similar sized Dint 
gey mill running on just the same material. In reducing 2 
mm. stuff to 0.75 mm. the capacity of a small Heberle ma- 
chine with a single runner was 6cx) pounds per hour. The 
comminuted material from all the crushing mills which dis- 
charge without intervening sieves is usually passed over a 
screen to separate out the particles which are . not sufficiently 
reduced. Experiments with the Heberle grinder fix the pro-r 
portionate amount of this class of stufTat about one-third of the 
whole quantity of ore treated. This proportion could easily 
be reduced to a more favorable figure, but by so doing the 
percentage of fine meal and pulp would be much increased. 
The working results, above given, represent the net capacity of 
the machine. The proportion of sands and coarse meals pro- 
duced by the comminution amounted respectively to 70J, 62^^ 
and S8J of the completely reduced ore, the remainder in each 
case being fine meal and only a small percentage of pulp. In 
other tests the ore, after being crushed to 2 ipm., consisted, of 
91^ to 92^ of coarse slimes, the balance being fine meal and 
pulp. Much of the "mineral" is found after comminution in 
the coarser material, in particles of 0.5 to 0.75. mm. diameter, 
with sharp edges and corners, showing that they have not been 
subjected to hurtful triturating action. 

A Heberle machine at Przibram has been found to consume, 
for the most favorable conditions of working, 5.4 gallons of feed 

^ The.Bogardus mill is a grinding machine of the same type. as the Heberle 
mill, over which several advantages are claimed in details of construction and de? 
sign of the wearing parts. 
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water per minute for each runner, making 528 gallons of water 
per ton (2,000 pds.) of four mm. stuff which is thorbughly re- 
duced, and 1,120 gallons per ton of nine mm. ore. The small 
consumption of water for wet crushing in grinding machines is 
an important consideration in their favor, not only on account 
of the direct economy in water, but because it enables dressing 
works to dispense with elaborate slime concentration boxes. 

The Brink and Huebner disintegrator,* a machine with 
rapidly revolving discs armed with studs, performs crushing 
partly by impact and in part by grinding, and is claimed to 
treat double as much ore as the Heberle mill, and three to four 
times as much as a Dingey pulverizer. A first experiment 
verifies the large capacity, but this diminishes considerably 
with the rapid wear of the studs, showing the importance of 
not limiting a practical test of this kind to a short trial. Com- 
parative experiments made at Przibram between different com- 
minuting machines established the following results, which 
represent the average of a year's work : 



Order of Efficiency, zst, ad, 3d, or 4th, for the 



Comparison for | Heberle ' Dingey , B. & H. I p. . p .. 

Mill. I mRi. Disintegrator, ^me Rolls. 



Minimam production of fine pulp.. i | 4 2 • 3 

Labor, power, and lubrication 4 I 3 2 | i 

Wear per ton of ore ' i 1 3 i 4 ^ 2 



For a given amount of crushing the Brink and Huebner dis- 
integrator produces thirty per cent, more fine meal and pulp- 
slime than the Heberle mill. The cost of wear shown in the 
table proved to be respectively 9, 22.5, 36 to 48, and 8 to 14 cents 
pp ton of ore, figures which testify against the Dingey mill 
and the disintegrator. The durability of the latter could be 
improved by the use of studs of very tough steel, and then this 
machine, with its large capacity, would probably be well suited 
for treating ores of medium hardness, such as those with cal- 
citic gangue. 

The Schranz' roller mill ' is radically different to the ma- 

* Description of the Brink and Hubner disintegrator and comparative experi- 
ments with other crushing machines : Jahrbuch der Bergakademien zu Leoben u. 
Przibram u. Schemnitz, vol. xxx., 1882. 

s The Schranz Roller Mill ; illustrated description and record of tests : Berg-u. 
Huettenm. Zeitung, vol. xl., p. 357, 1881. 
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chines above described ; its designer has sought to avoid every 
grinding action, and in that way to minimize the production of 
fine meal and pulp, and his success in this respect is beyond 
question. The essential parts of the roller mill are a large, 
slightly coned ring or annular table, revolving about a verti- 
cal axis at the rate of 12^ revolutions per minute, and 
three conical rollers with fixed inclined axles, which are radial 
with respect to the central vertical axis of the machine. The 
rollers are set upon the table 120^ apart. They rotate by reason 
of their frictional contact with the table or with the ore that 
may be charged upon it. The coning angle of the rollers is 
calculated so that any two points which can come into contact 
— one being on the roller surface and the other on the table — 
shall move with the same tangential velocity. This design, 
combined with slow speed, prevents dragging, and consequently 
avoids grinding. The pressure exerted by the rollers in crush- 
ing is regulated by set-screws and rubber resistance buffers. 
Ore is charged and spread automatically at one point of the 
ring-table, and passes successively beneath the three rollers, 
each one exerting a greater pressure than the preceding one. 
Upon passing each roller, the stuff is washed by a stream of 
regulated strength, which carries off into a circular launder 
the softer material which is already crushed, and leaves the 
coarse, harder parts of the ore upon the table for the next pass. 
After the third and final pass the remaining ore is mechanically 
scraped from the ring and goes through a sizing drum in order 
to separate out insufficiently si/.ed material. Experiments in 
reducing ore between 5 and 8 mm. sizes down to 2 4 mm., both 
by stamps and by the mill, gave the following interesting re- 
sults : 

Proportional Quantities of Ore of Different Sizes produced by the 
Crushing, and Expressed in Percentages. 



3.9-a.4 ' a.4-1.6 i.6k>.o 0.0-0.5 o.s-o.a ' }^* ' ^K*' •'^"** I 5"^ 
«^ V!.m «w« ™ ™ t*»an oa P"*P P"'P I **»*■ 

mm. mm. mm. mm. mm. setUings settling* setUingi 



Stamp battery. 



4.68 15.15 16.96 24.08 16.72 5.87 3.88 12.66 



Schranz mill.. 6.95 21.07 ' 26 27 16.92 15.31 7.2» I 2.23 1.71 

II I I ! 



1.83 



The table shows that in using thfe roller mill 64.26 per cent, 
of the material was obtained in a *' settling run " between 
sizes of 2.4 and 0.5 mm.; 15.31 percent, was fine meal and 
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coarse pulp, and 12.98 per cent, was fine pulp ; while the cor- 
responding figures for the coarse stamping were 36.79, 24.08, 
and 39.13 per cent. 

The capacity of the roller crushing mill, working on 3 to 8 
mm. quartzose tailings from jigs, and reducing them as in the 
above table, is 3,200 pounds per hour, with a consumption of 
2 si gallons of water per minute for the crusher, and 5i gallons 
for the accompanying sizing drum, amounting together to 31 
gallonis per minute, which is equivalent to 1,162 gallons per 
ton (2,000 pounds) of ore, or 965 gallons per ton for the crush- 
ing alone. 

The slime resulting from this comminution is also washed 
without any preparatory reduction in volume. The sands and 
coarse meals from the machine yield, after washing, rich head- 
ings, and poorer middlings, and tailings which, if still contain- 
ing sufficient mineral to make the operation remunerative, are 
crushed down in a second mill or accumulated and treated 
periodically on the first crusher, the rollers of which are then 
purposely pressed down upon the revolving ring with greater 
force. The durability of the wearing parts of this crushing 
mill is one of its noteworthy features. The crushing surfaces 
are of the toughest Bessemer steel ; when seen by the writer 
at Laurenburg, they were perfectly even and the wear did not 
amount to one-twentieth of an inch, though the machine had 
been in constant use for four months. One reason for this 
durability is that the angle between the surface of the revolv- 
ing table and that of each roller at the point where the ore 
grains first come into contact with both is very acute ; hence 
the ore is seized at once, being favored in this by a slow speed, 
and does not slip and wear the surfaces, as is so often the case 
in ordinary rolls. Grains larger than 8 mm. {\ inch) have been 
treated in the mill, but not with profit ; the coarse ore is not 
so readily seized by the rollers, and requires a special guard 
screen on the ring-plate to prevent its slipping off the latter. 

The action of the Schranz mill is one of crushing by pres- 
sure only, as in a pair of common rolls. The other commi- 
nuting machines above described exert more or less of a grind- 
ing action, and the only way in which they can avoid the 
production of much pulp slime is to bring very little pressure 
to bear upon the ore ; but by this method, from the very 
nature of the machines, a considerable portion of the ore must 
escape a proper reduction. Notwithstanding this acknowl- 
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edged drawback the various grinding mills have, as already 
mentioned, obtained widespread introduction because they 
supply, though not perfectly^ a long-felt want. In some large 
works such machines have been set on the third floor of the 
dressing mill ; the ore passes through them and falls into 
a drum, in which the oversized material is separated from 
the 'fine stuff and then is fed directly into a smaller crusher 
below.- 

In its crushing effect upon the ore the Schranz roller mill 
appears upon general considerations to 1>e more satisfactory 
than any of the other crushing mills. Its large capacity and 
favorable comminution, with the production of only seven per 
cent, of oversized grains (as seen in the last table), its slow 
wear, easy adjustment, and small consumption of motive 
power (3.5 horse power) commend it as a comminuting ma- 
chine, and would certainly lendinterest td a direct competitive 
trial between it and the Heberle or the Bogardus mill. The 
grinding mills can be employed for dry crushing, but for such 
work it is found that their capacity diminishes and their rate 
of wear increases. None of the present machines are adapted 
for the profitable reduction of a very finely mineralized ore to 
an impalpable pulp. When the grinding plates are set very 
close together the rate of wear is very much increased. It is 
possible, however, that successive reductions may lead to 
favorable results. Treated by such a method, the ore would 
first have to be reduced in a coarse grinder, and then pass to 
a very fine grinding machine which would require exceedingly 
hard and tough, planed grinding surfaces, and perfectly true 
setting. 

Hydraulic Classification, — ^The object of hydraulic sorting 
in quiet water or in a continuous rising, or deep, horizontal 
current, is to classify the material subjected to such treatment 
into groups of particles, which, under like conditions, fall 
through the water together. In a perfectly free fall the rela- 
tive diameters of such equal-depositing particles bear an in- 
verse ratio to their specific gravities, deducting the specific 
gravity of water from each. In practice the friction along the 
sides of the separator, or the rolling of particle^ upon the bot- 
tom of the apparatus or on a bed of previously deposited ore, 
interfere more or less with sorting, according to the above 
simple law. The degree to which the action of any separator 
^ Sach a plant has been arranged at one of tde Przibram mills. 
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approaches this law determines the efficiency or regularity of 
the classification. 

All slimes resulting from fine comminution, or from the 
draining of coarse stuff" after jigging or any other operation, 
are subjected to this sorting process, not for the purpose of 
making final separations, but as a classification which is neces- 
sary before washing when the slime particles have a consider- 
able range of size — from o to 1.5 or 2 mm. — as is commonly the 
case.* The products of such sorting are two or three classes 
of fine sand, an equal number of meal classes, and from two to 
four sorts of pulp, or six to ten classes in all. The sands are 
usually charged upon fine sand jigs ; the meals are treated on 
jigs or on round or percussion tables, and the pulp is generally 
washed on round tables. The amount of water in the slimes 
is, as previously stated, dependent upon the fine crushing ap- 
paratus that is used. Stamps crushing only to one mm. neces- 
sarily produce a dilute slime ; to what extent its classification 
shall be combined with concentration or reduction in volume 
is a question for which most varied answers are found in prac- 
tice. Slimes from the new types of comminuting machines 
are not concentrated, but rather, in the opinion of some, need 
to be diluted. The best consistency for the washing of any 
particular slime has not as yet, to the writer's knowledge, been 
determined. The more water that is used in wet slime dress- 
ing, beyond a certain (still unsettled) limit, the greater will be 
the loss of fine mineral. The degree of dilution, however, 
must be such that the free movement of one ore particle is 
never materially interfered with by that of any other. The 
slime of clayey, slaty, and calcareous ores, if reduced to as con- 
centrated a condition as that in which slimes of quartzosc or 
sandy ores are often wasnca, would have almost a semi-glutin- 
ous character, and the mineral particles would be maintained 
in suspension for a long time. Hence such slimes require a 
greater dilution and are treated in larger classifiers and on 
larger washing apparatus than the more favorable quartzose 
slimes, and their treatment is consequently more difficult and 
costly. Dilute slaty ore-slime contains sometimes only 50 
pounds of solid matter per cubic meter (2^ per cent.), while 
more concentrated quartzose slimes are often found with 175 

* Hydraulic sorting is even resorted to for slimes which have a much smaller 
range of size, as will be shown by example further on ; in this respect there is a 
marked difference between Continental and American practice. 
22 
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to 200 pounds of solid matter per cubic meter (eight to nine 
per cent). 

The two extremes in which concentrati9n and hydraulic 
classification are simultaneously performed are found on the 
one hand in the system of depositing all the suspended matter 
of the slime in a series of long " strips/* " runs" or troughs, 
and pits, suitably termed a labyrinth, and, on the other, in the 
development of continuous classification in pointed boxes and 
vats, or spitzkasten, to such an extent that the water overflow- 
ing from the last pointed vat contains no mineral that can be 
saved with profit. The first method, which is a survival of an 
old, primitive practice, still prevails in England, though aban- 
doned in most continental mining regions. The second sys- 
tem has been introduced in several of the advanced mills — and 
is probably nowhere put to better practice than at Ems — but 
the majority of dressing works carry out a mixed system, sort- 
ing fine sands and meals in continuous classifiers and leading 
the overflow from these into a labyrinth where the pulp settles. 

The classification produced in pits or deep runs is fairly 
regular ; the shallower the run, however, or the thinner the 
stream of slime flowing over the deposited sediment, the closer 
does the separation approach that made on buddies ; but it fol- 
lows no well-defined law, and generally becomes very irregular 
and unsatisfactory. Such thin stream classification is now 
rarely preserved in practice. The labor incurred in handling 
the deposits of a large labyrinth, especially in the cold season, 
and the loss due to letting the settled stuff dry partially before 
it is mixed with water and washed, are very serious objections 
to the first mode of classifying and concentrating. The loss 
of float mineral from partial drying, familiar as this must be, 
seems frequently to be regarded with insufficient appreciation.' 

' The writer endeavoring on one occasion to make this source of loss very evi- 
dent, treated some rich gold concentrates in a pan, and after collecting the fine na- 
tive gold into a pure heading that was separated from the tailings of coarser pyrites 
and quartz, he exposed this gold to the air and then swept a sheet of water in gentle 
current over it. An exposure of a few moments on the pan had no effect in pro- 
ducing float mineral, but with a drying action of half a minute a very appreciable 
portion of the gold was carried over to the tailings as float ; the operation on the 
headings was repeated quite a number of times, with the final result of washing 
away all the gold, which then continued to float indefinitely on the surface of the 
wash-water. The adhesion of a thin envelope of air to each fine mineral particle, 
changing for the time its specific gravity, and the action of capillary repulsion ob- 
servable upon close examination on the non-wetted surfaces of the mineral, are the 
productive causes of float mineral. 
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Its production is strikingly noticeable in every case where fine, 
-dry or merely moist material is mixed with water and fed 
upon slime tables : fine mineral particles are then observed on 
the surface of the water, borne off by the current instead of 
being caught upon the washing apparatus ; in a few seconds 
they are carried into the waste launder or to large, final settling 
basins, where they form a scum, sometimes quite thick, on the 
water surface. This loss is inevitable under all conditions, re- 
•gardless of a high specific gravity of the mineral ; to avoid its 
effects it should be a rule in wet slime dressing that when a 
finely comminuted ore has once been mixed with water, it 
must, if possible, never be completely deposited from it until 
the moment of the final separation of its constituents upon 
some washing apparatus. Governed by this rule, the aban- 
•donment of labyrinths even for the partial accomplishment of 
a general slime classification is a necessary result; as a classifier 
the labyrinth fills no place in a modern dressing mill which 
newer, continuous working apparatus cannot occupy to better 
advantage. 

Continuous classification is now most commonly performed 
by means of the spitzlutte and spitzkasten. The syphon V 
trough, which is the old form of spitzlutte designed by Rit- 
tinger, is- frequently met with in Austrian dressing works. Its 
•classification is that of equal-falling particles in an upward cur- 
rent which is produced by the downward flow of slime in one 
arm of the apparatus and its rise in the other ; the heavy stuff 
escapes through an orifice in the bottom, while the light mate- 
rial overflows into the next syphon. In newer forms of this 
<:lassifier the same sorting is performed in a rectangular box 
having a pointed bottom and a middle partition which reaches 
to within several inches of the apex. A rising current of clear 
water is now always used in sorting sand classes with the spitz- 
lutte or with a small spitzkasten separator. The effect of the 
wash-water in the last-named apparatus is to produce the desired 
ascending slime-current ; in the spitzlutte it is to increase such 
a current. The wash-water also cleanses the sand and coarse 
tneal from finer particles and renders it practicable to use in 
the bottom of the classifiers comparatively large orifices, which 
are easily kept clean. The rising current of clear water through 
the orifice is very easily produced by enclosing the mouth of 
the outlet with a small, closed box, to which water is admitted 
through a pipe under a head six to eight inches greater than 
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the height of slime in the apparatus. The main portion of the 
wash-water rises from the box through the orifice of the classi- 
fier, while the heavy ore particles fall down through the same 
opening and escape with the remainder of the water by ^ small 
outlet in the bottom of the box. To protect this lower outlet 
from wear it is lined with iron : the lining has the form of a 
small funnel which is attached to a long, light rod that passes up 
through the classifier; by means of the rod the funnel is raised 
to clean out accidental obstructions. The apex of the funnel 
has frequently a diameter of about i6 mm. (f-inch) for the first 
sand classifier, and 8 mm. (^i^-inch) for the last one of a set. 
Funnels of different diameters can be inserted when the quality 
of the slime changes. 

The spitzlutte offers a small cross-section to the slime cur- 
rent ; it is therefore particularly adapted to classifying a small 
volume of rather thick slime, or to sorting several classes of 
sand and coarse meal from a large volume of dilute slime. In 
this last separation, for which the spitzlutte is often used, the 
slime passes through three or four of these classifiers at com- 
paratively high velocity, and then enters a set of large pointed 
vats where the velocity of the current is very much reduced, 
and the fine meal and pulp particles are settled. Theory has 
determined and experiments have verified the velocities re- 
quired in a rising current which shall maintain in suspension 
and carry off different mineral particles of given sizes. The 
tabulated results of such experiments ' are used to ascertain 
what dimensions will be required for classifiers that are in- 
tended for the treatment of a given maximum volume of slime. 
To sort the first fine sand class ' from the slime a velocity of 
six inches per second is often adopted ; the succeeding mem- 
bers of a series of classifiers are designed with increasing 
dimensions, so as to produce a decreasing current velocity. 
The factor of diminishing velocity, which is usually between 
0.3s and 0.50, depends on the quality of the slime and the 
number of classes that it is desired to produce. Though for- 

* Rittinger, Aufbereitungskunde^ pp. 192-203 ; also Transactions Am. Inst, of 
Mining Engineers, vol. vl, p. 415, 1877; or Engineering and Mining Journal, 
vol. xxiv., pp. X02 and 129, 1877. 

* In ore classes sorted by their equal-falling properties, the size of each class is 
determined by that of its predominating constituent : in a sorted class olfine sand, 
for example, the bulk of the material may consist of grains of quarts of a true *^ fine 
sand '' size (2 to i mm. ), while the galena particles of the same class are not over 
a 46 to 0.23 mm. in diameter. 
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mulse and experiments fix the size of the apparatus, yet for 
accurate sorting the variability in the nature and quantity of 
the slimes render it necessary to provide easy regulation of the 
sectional area of the current, the level of the overflow, the dia- 
metef of the discharge outlet and the supply of wash-water. 
It is because of its adaptability for such regulations that prefer- 
ence is advanced for the spitzlutte over the somewhat simpler 
small pointed box separators. The latter, as commonly con- 
structed, do not admit of changing the sectional area of the 
slime current ; in order that they may perform a proper, un- 
varying classification with a slime supply of changeable vol- 
ume, it is necessary to design the apparatus for a maximum 
supply, and then to resort to the unsatisfactory plan of diluting 
the slime with water by the amount which it lacks of the in- 
tended quantity. 

At Schemnitz, Hungary, a very great importance is 
attached to an exact slime classification, because upon this 
the successful treatment of extremely fine, poor material is 
considered to depend. The slime which is there classified 
has been mentioned on page 301 ; it is a fine pulp resulting 
from stamping an ore of auriferous quartz, fine galena, and 
copper pyrites to 0.4 mm. (^^-inch) and less. The stamped 
material passes successively through two small amalgamation 
pans in which most of the gold amalgam and excess of mer- 
cury are retained. The slimes from the second pan are de- 
livered upon a continuous working blanket-table which separ- 
ates out nearly all the remaining gold amalgam and mercury ; 
the tailings from this table enter a hydraulic classifier of twelve 
spitzlutten. The two coarsest classes of pulp, sorted in this 
apparatus, are treated on separate Rittinger side-percussion 
tables ; six middle classes go, each to a Hungarian end-per- 
cussion table, and the four finest sorts are washed on rotating 
tables. The auriferous ore of Schemnitz is of very low grade, 
and the slime treatment of a large portion of it has to begin, 
in point of fineness, where the dressing works of other locali- 
ties have sometimes thought of ending ; yet the ore is profit- 
ably washed, and success no doubt is partly due to the thorough 
preliminary classification. A careful control of the quality of 
the slimes is always maintained in the mill : the workmen have 
deep test-glasses with which to take samples of the products 
issuing from the classifiers ; for a practised eye the appearance 
and quantity of the sediment in the glass is a certain indication 
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of the nature of the slime. It repeatedly happens that poor 
working on one of the slime-washers is remedied, not by 
changing the tilt or speed of the table, but by re-establishing 
a normal condition of the slime class that is being treated. It 
seems evident that this course is the proper one, though its 
adoption is not common. If a table be set to treat a certain 
class of slime, but receive instead ore particles of a different 
kind, it will do poor work ; this can be remedied by altering 
the running of the table to suit the new conditions, but then 
the adjoining tables which receive slimes from the same set of 
classifiers are in all probability either being overworked or are 
running partly empty, so that they also require a change of 
setting, while the mineral percentage in the overflow from the 
classifier will at the same time often be found to have run too 
high. The more easily applied, radical and satisfactory remedy 
for irregularities in the slime is, therefore, to adjust the classifiers 
so as to preserve a constant quality in each slime class: The di- 
rector of the Schemnitz mill, not content with the results here- 
tofore obtained, proposes now, after a series of experiments, to 
render the spitzlutten still more susceptible to fine adjustment 
by substituting for each one of the present broad syphon V 
troughs a number of narrow U-shaped iron pipes which shall 
collectively sort out a single slime class : the number of pipes 
thrown in or out of work will determine the sectional area of 
the current, and one of the pipes in a set can further be made 
capable of individual adjustment. 

In the west of Europe the spitzlutte is not in common use, 
even as a sand classifier. There the characteristic practice is to 
pass the slimes produced by fine crushing through a small 
drum screen, about two and one-half feet long and one and one- 
half foot in diameter, in order to remove wood-chips and over- 
sized particles (which, in the case of stamping, owe their pres- 
ence to defects in the battery sieves) ; the cleaned slimes then 
flow to a sand and coarse meal classifier consisting of four 
or six pointed boxes provided with rising currents of clear 
water. Each box may sort a separate class, or, as is more 
usual, especially for the finer sorts, the products of two or more 
boxes are combined to form a single class, which is treated by 
itself. Such an arrangement is merely a contrivance for avoid- 
ing large, deep boxes. The smallest box for an apparatus 
classifying fifteen cubic feet per minute is ten inches wide, 
seven inches long, and seven and one-half inches deep at its 
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apex, while the largest one measures twenty or twenty-two 
inches square and is fourteen inches deep. The quantity of 
wash-water consumed by such a sand separator is 2.5 cubic 
feet per minute, so that it causes a dilution of i6| per cent. 
One classifier receives the slimes produced by fifteen to twenty- 
four stamps ; the larger this number the more uniform will be 
the nature of the collective product. 

The overflow from the hydraulic sand separator enters an 
extensive fine meal and pulp classifier, consisting of a scries of 
large spitzkasten. For simplicity of construction, and to avoid 
very large, deep and expensive vats, all the spitzkasten of one set 
are made of the same size. The products from several vats are 
combined to form a single slime class, just as in the case of the 
smaller sand classifiers. A number of spitzkasten sorting in 
this way a single class, form practically but one large vat hav- 
ing several pointed outlets in the bottom. In such a spitz- 
kasten series there is a horizontal current of slightly decreasing 
velocity (because a portion of the slime is withdrawn at each 
succeeding outlet), but the effect of this is not sufficient to pro- 
duce the required classification. To further influence the 
sorting, therefore, the bottom outlets of the pointed vats are 
made of successively decreasing diameters, from three-fourths 
to one-fourth inch, and syphon discharges of various lengths are 
used. The coarser the ore class that is to be separated from 
the slime, the shorter is the syphon arm rising from the bottom 
outlet. The effect of the syphon is to diminish the dynamic 
head under which the discharge takes place ; this head averages 
three and on^-half feet for the coarsest, and one and one-half 
foot for the finest classes. The use of the syphon reduces the 
• net height required for the large vats down to two to four feet, 
and it allows the introduction of comparatively large outlets 
which are not easily clogged. The sorting of a set of equal- 
sized spitzkasten is one of equal-falling particles in a deep, 
slowly moving body of water. The coarsest meals settle in the 
first vat and are drawn off by a downward current through the 
discharge. .This current is controlled by the size of the outlet 
and the amount of hydraulic pressure in the syphon. The 
regulation of the current is made according to the quantity of 
the settling ore class existing in the slime ; acting continuously, 
a downward current of constant velocity exerts no influence on 
the character of the sorted material — it merely serves to pro- 
mote the discharge. The more slowly depositing particles arc 
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carried from the first vat to a second and a third one, and so 
on, gradually passing over an extensive precipitating surface. 
The quantity of pulp settling in a single spitzkasten is often so 
small that the product could never be profitably worked alone, 
and hence, as above mentioned, the fine deposits of several 
large vats are collected to form a single slime class. The force 
of the current entering a set of large spitzkasten is broken by a 
board set across the first vat, about eight inches from its head, 
and dipping six inches beneath the water surface. The spitzkas- 
ten are all open on top, and there seems to be very little trouble 
connected with their management. Experience has shown that 
the vats must be very substantially constructed, with timber 
bracing and, profitably, with iron tie-rods ; if lightly built the 
vibrations in the mill soon cause leaking, and before very long 
the apparatus becomes worthless. 

The classification of slimes at Ems has already been men- 
tioned as a type of continuous sorting without any handling of 
the products. Several classifications are carried out in differ- 
ent departments of the works ; they all involve the same prin- 
ciples, so that one may serve as an illustration. The slimes 
from sixty -eight stamps * (crushing to \\ mm.) flow to five 
equal sand classifiers, each consisting of six small pointed 
boxes, which together have i square metre (1.2 square yards) 
of precipitating surface. Each classifier produces two sand 
classes that are treated on four-sieve jigs. The overflows from 
the classifiers are raised by a centrifugal pump to a spitzkasten 
series of twenty-two pair of large vats with an aggregate of 82 
square metres (98.4 square yards) of precipitating surface. 
The products of this fine separator are four classes of meal and 
pulp, and an overflow which is discarded." 

The first product settles in the first three pair of vats, with 
7 square metres (8.4 square yards) precipitating surface ; it is 
coarse meal, which is delivered to a double inward and out- 
ward-flow rotating table. 

* The figures in this case are taken from Bloemeke^s description of the Ems 
Works, previously referred to : Berg- u. Huettenm. Zeit., vol xli., 1882. 

* Formerly, when a plain sieve battery was used for stamping instead of a stay- 
battery, a greater proportion of very fine galena was produced than at present, and . 
some of this mineral was lost in the waste overflow from a set of sixteen pair of 
spitzkasten. An experiment at that time showed that in 10,200 cubic feet of waste 
ilime there were 9.2 cubic feet (equal to 760 pounds dry weight) of solid matter, 
carrying 22.8 pounds, or 3 per cent, of lead. At present, with less dead stamping 
and a larger separator, the loss is undoubtedly much less. 
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The second product is collected in five pair of vats, with 
19 square metres (22.8 square yards) of precipitating surface ; 
it is fine second-class meal, which is washed on a set of two 
outward-flow rotating tables. 

The third product is pulp^ from 24 square metres (28.8 
square yards) of precipitating surface ; this stuff is also treated 
on a set of two outward-flow rotating tables. 

The fourth product, fine pulp y is obtained from 32 square 
metres (38.4 square yards) of precipitating surface, and carries 
all of the remaining mineral which can be profitably saved ; it 
is washed on a double inward and outward-flow rotating table. 

In one of the slime departments running on galena and 
blende ore the ** middlings " from the second of each set of 
double washing tables are delivered to another large spitz- 
kasten series, which sorts classes that are similar in size to 
those of the first separator, but different in mineral composi- 
tion. The system of slime treatment at Ems is manifestly 
characterized by the absence of any great degree of concentra- 
tion during the process of classification ; * the dilute products 
are washed on very large slime tables. It is of interest to 
note that in a branch of these same works a system has been 
developed which tends in a contrary direction to that just re- 
viewed, and combines continuous classification with consider- 
able concentration. In the Mercur Mill, at Ems, the dilute 
slimes under i mm. pass through a classifier of four small 
pointed boxes, each with 0.5 square metre (0.6 square yard) 
precipitating surface ; four products are formed, which go to 
Rittinger percussion tables. The overflow from the classifier 
enters a set of twenty-four spitzkasten, each with i square 
metre (1.2 square yard) precipitating surface. The deposit of 
this separator is led to a large sump, out of which the settlings 
are raised by a bucket dredge, to be charged into another clas- 
sifier ; this in turn sorts the concentrated stuff" into two classes, 
each of which is washed on a double inward and outward-flow 
rotating table. An improvement of this system is embodied 
in the Geyer concentrator.' This apparatus consists of a series 
of pointed vats, each provided with self- regulating supply and 
discharge orifices. Slime is allowed to fill each vat or set of 

* It is reported that hydraulic sorting has been carried out with no concentration 
whatever, the whole volume of slime being treated on the washing machines. 

'Geyer Concentrator, illustrated description: Berg-u.Huettenm. Zeit'g, vol. 
zL, 1881. 
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vats in turn, and have some time for settling before the outlets 
are opened to discharge the concentrated product. The auto- 
matic opening and closing of the orifices is effected by inde- 
pendent mechanism or by the flow of the slime itself. With 
such a system of highly concentrating spitzkasten, the precipi- 
tating surface used for treating a given quantity of slime would 
be much larger than that which the ordinary spitzkasten re- 
quires* On the other hand, smaller washing surfaces would 
suffice, and, as an important consideration, less water would be 
needed to carry the cleaned products off the smaller slime 
tables ; hence settling tanks of reduced dimensions, and prob- 
ably less loss of mineral, would be some of the advantages de- 
rived from the system, which seems particularly applicable to 
the dilute slimes of quartzose ores. 

( To be continued^ 



AN EXPLOSION BURETTE FOR RAPID GAS 
ANALYSIS. 

By ARTHUR H. ELLIOTT, Ph.B., F.C.S., 

CHEMIST TO THE MUNICIPAL GAS-LIGHT COMPANY. 

This burette is intended to be used in connection with my 
apparatus for the rapid analysis of gases described in THE 
Quarterly, Vol. III., page i6. It consists of a burette CF of 
heavy glass, graduated in tenths of cubic centimetres, and 
holding one hundred cubic centimetres to within about two 
inches of the lateral tube E below. The upper end is closed 
by a stopcock B, over which fits a funnel A in the same man- 
ner as in the apparatus described above (ibid.). Into the 
upper end of the burette, at C, are fused two platinum wires for 
an ignition spark. At the lower end of the burette the glass is 
drawn out to receive at F a piece of soft rubber tubing about 
three feet long, which in turn communicates with the aspirator 
bottle G. Care should be taken that the opening of F and the 
tubulature of the bottle G are not smaller than the bore of the 
rubber tubing used to connect them, since any contraction would 
prevent the cushioning of the explosion when the spark is passed. 
The bent piece H is ground to fit over the stopcock B when the 
funnel A is removed, and facilitates the transfer of the gases 
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from the absorption burette before described, it being easier 
to slip a piece of rubber tubing oyer the smooth end of H than 
over the ground end of the stopcock B. The stopcock and also 
the fitting H have capillary tubing of about one millimetre bore* 
The stopcock at E and its tube attaching it to the burette, are 
ordinary size, about one-eighth to three-sixteenths of an inch. 

The operation of the burette is as follows : The funnel is 
removed from the absorption burette of the previously de- 
scribed apparatus, and a fitting exactly like H is substituted for 
it. The gas should be previously transferred to the measuring 
tube of the absorption apparatus. The explosion burette now 
described is placed in a vertical position in 
a stand near the absorption apparatus. The 
bent tube on the upper stopcock of the ab- 
sorption apparatus is now attached to a piece 
of rubber tubing long enough to reach to the 
corresponding bent tube of the explosion 
burette. The aspirator bottle G is filled with 
water and, by raising it and opening the stop- 
cock B and closing E, the explosion burette 
is filled with water, including the bent tube H 
fitted over the end of the stopcock B, which 
latter is now closed. By a similar movement 
of the aspirator bottle attached to the ab- 
sorption apparatus, the corresponding bent 
tube and its rubber tube are also filled with 
water. Care should be taken that the water 
completely expels all air-bubbles from the 
capillary tubes and the rubber tube. The 
explosion burette is now attached to the ab- 
sorption burette by means of the rubber tubing already filled 
with water, by slipping this rubber tubing over the bent tube 
of the explosion burette, taking care to exclude all air-bubbles 
when making the attachment. To facilitate the connecting of 
the bent tubes and the rubber tubing the ends of these tubes 
should be drawn out so that the rubber tubing will easily slip 
over them. 

Having connected the explosion burette with the absorp- 
tion apparatus in the manner described above, we are now 
ready to transfer the gas mixture for the explosion. For this 
purpose the three-way cock of the absorption apparatus is 
turned so that the bottom of the absorption tube is closed. By 
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now opening the stopcocks above on the absorption apparatus 
and also on the explosion burette, and by moving the aspirator 
bottles, any desired quantity of gas can be transferred from the 
absorption apparatus to the explosion burette. When the 
proper quantity (about eighteen or twenty cubic centimetres is 
sufficient) of gas has been transferred, the stopcocks of the ab- 
sorption apparatus are closed, also the stopcock of the explo- 
sion burette. By means of the aspirator bottle G the level of 
the water is adjusted so that the gas is at atmospheric pressure ; 
by bringing the level of the water in the aspirator bottle to the 
same height as that in the explosion burette. This gives the 
correct reading of the quantity of gas used. We now have to 
mix this gas with the proper quantity of oxygen to cause an 
explosion on passing a spark through the wires C. This oxy- 
gen is admitted through the stopcock E (most conveniently 
from a gas-holder or cylinder under pressure). Having added 
the proper quantity of oxygen (about equal in volume to the 
gas used), the correct volume of the mixture thus obtained is 
read off in the same manner as that of the original gas. But 
before the final reading is made, the burette is removed from 
the stand, and by a few movements from vertical to horizontal 
positions, the gases are mixed, and any oxygen that collects in 
the tube E is removed to the bulk of the gases in the upper 
part of the burette. Having taken the final reading of the mix- 
ture, the upper part of the tube is tapped slightly to dislodge 
any water adhering to the platinum wires, and the spark from 
an induction coil is passed between them, the aspirator bottle 
being at or below the level of F. A sharp click is now heard 
and the tube is allowed to stand, that the heat of the explosion 
may pass away before reading the contraction. When the tube 
is cool the reading is taken by lifting the aspirator bottle as 
before. This reading gives the contraction, and by removing 
the bent tube and replacing the cylindrical funnel A, the car- 
bonic acid resulting from the explosion may be absorbed with 
potash solution as in the absorption apparatus, the readings 
always being taken after adjusting the levels of the liquids in 
the burette and the aspirator bottle. When removing the bent 
tube and attaching the cylindrical funnel, care should be taken 
that the air in the capillary tube of the stopcock is removed. 
This is accomplished by attaching the funnel, putting into it a 
little potash solution, and then inserting a piece of thin copper 
wire into the capillary tube of the stopcock ; by this means 
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the air-bubbles are readily removed. Like the absorption ap- 
paratus previously described, this explosion burette is intended 
for rapid work where some accuracy is sacrificed to the saving 
of time. It has the great advantage that the explosion can be 
made over water, the long piece of rubber tubing acting as a 
cushion to the shock. I have used this burette for over a year, 
and with the most satisfactory results. It is only intended to 
be used with mixtures of gases, containing hydrogen, marsh 
gas, and nitrogen ; the other ordinary constituents of gases 
being determined in the absorption apparatus. With care and 
a little practice with the apparatus results are obtained within a 
few tenths of a per cent, of the truth, and this at an immense 
saving of time over the older methods of analysis. After some 
practice a complete gas analysis, using the absorption ap- 
paratus and this explosion burette, can be made in less than 
an hour. 
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In accordance with the plan outlined in our January number, the 
first quarterly meeting of the Alumni Association was held in Hamil- 
ton Hall, Columbia College, on the evening of April 4, 1883. 
Through the kindness of Professors Peck and Rees, their respective 
lecture-rooms were placed at the disposal of the Association. 

The Committee of Arrangements, appointed at the meeting of the 
Board of Managers in February, consisted of J. K. Rees, Knight Nef- 
tel, and A. L. Beebe. The programme of the meeting, and the vari- 
ous arrangements made for the entertainment of the members of the 
Association, proved that a better committee could not have been se- 
lected. We think that all present will concur in calling the meeting 
the most successful, in point both of interest and of numbers, ever 
held, some ninety graduates being present. 

The meeting was called to order at 8:30 p. m. by the President of 
the Association, F. Augustus Schermerhorn, E.M., who delivered the 
following address : 

president's address. 

Having been selected by my classmates as their representative on 
the Board of Managers of this Association, and by the kindness of that 
Board, having been chosen President for the present year (though I 
receive this mark of distinction as a compliment paid to the Class of 
'68), it is with the utmost diffidence that I appear before you this even- 
ing, and hold the conspicuous position to which I have been called. 

There are so many graduates of our school who have highly dis- 
tinguished themselves in the arts and sciences, and in other kindred 
pursuits, that I am deeply sensible that there could scarcely have 
been chosen, out of all our number of more than three hundred, any 
one who has advanced fewer steps upon the paths of technical knowl- 
edge than he who now has the honor to address you. 

Being called upon to preside at this, the first of the quarterly meet- 
ings of the Association under the new organization, it is but proper for 
me to briefly congratulate the members upon the promising condition of 
the society, to point out the duties they can undertake, and the pos- 
sibilities before them. 

Instead of merely a social re-union, as heretofore, some of our 
meetings, hereafter, are designed to be of a more vigorous and practi- 
cal and useful character — for the advancement of scientific knowledge, 
and for increasing the professional welfare of the members ; and to this 
end a committee has been appointed, whose duty it will be to keep a 
full record of each member's whereabouts and occupations, so that 
the society may constitute a bureau of information and of reference, to 
any one in search of expert assistance in their various branches, where 
they can apply, and be referred to those members whose attainments 
are best fitted to meet their wants. 
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Now I can say with perfect truth, and the utmost confidence, that 
no institution has done more for the advancement of science in our 
land, than Columbia College through its School of Mines, not only, or 
mainly, by its example or by the educational advantages afforded within 
its halls, and they are great and many, but by the large number of ac- 
complished graduates that it each year sends forth, and scatters far and 
near, to practice their different branches of professional learning, and 
supply the demands that arise for the exercise of their sicill and tal- 
ents — to make the earth disgorge its treasures ; to assist in building 
roads and bridges and lines of railways, that increase facilities of com- 
merce and open regions before inaccessible, with all their mineral and 
agricultural wealth ; to seek out the secrets of nature, in laboratories all 
over the continent ; to make accurate maps and charts of our country, 
and thereby to extend the general knowledge of it to its inhabitants, and 
to show them the economic value of its immense resources ; to conduct 
geological and other scientific and practical explorations ; and, last not 
least, to become professors and instructors in their turn, in many far- 
scattered institutions of learning, and thus still further disseminate the 
knowledge that they have here acquired, or have since been enabled to 
attain. 

At these meetings, too, it is proposed that papers shall be read and 
discussions held, upon such subjects of general and professional char- 
acter as is thought shall prove of interest. 

Upon looking over the list of graduates, it is seen that from fifty to 
sixty of them may be ranked as specialists or experts in their several 
lines of work. Surely, fi-om among so many who have pursued dis- 
tinct branches and made their own individual researches and discover- 
ies, an unending series of subjects should be found that will be instruct- 
ive. The latest discoveries and methods could be set forth, drawings 
of new apparatus and machines presented and elucidated before us, 
and these papers and drawings might then be filed by the secretary of 
the society to constitute a technical library of its own, on subjects of 
advanced science. Sometimes they might be published, under the di- 
rection and auspices of the society, and thus form the literature of the 
Association. As many of our members are stationed at distant places, 
they might be invited to send such papers, to be read at these meet- 
ings, if the authors themselves could not be present ; and our former 
esteemed professors will no doubt, on many occasions, as to-night, 
favor us with the results of parts of their investigations. 

Some eighteen years have elapsed since our School of Mines was 
founded, and wonderful changes have taken place in it since then, 
when our first graduates learned the use of wash-bottle, blow-pipe, and 
crucible, in a small cellar room at this end of the old asylum building. 
Large and suitable structures have arisen and are now being erected. 
Valuable collections have been added and have grown steadily and 
rapidly toward perfection. New apparatus and plant of all sorts have 
been procured, and a useful library established, and departments of 
study have multiplied until the facilities afforded to the students to-day 
have increased five and ten fold from what they were then. 

To our distinguished corps of professors and instructors, many of 
the latter the product of the school, the highest praise is due for this 
great improvement Under their fostering care their own special 
branches have been developed and enlarged and maintained in excel- 
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lence, nor should it be forgotten that these results have been attained, 
largely, by the quality of the material upon which they had to work — 
the character of the students has been such, many of them being already 
graduates of this and other colleges, that a high standard of scholar- 
ship could be reached and held. 

Speaking as a Trustee of the College, I think that the board can 
congratulate itself upon a great work already done: they feel 
the necessity and would gladly do much more, would gladly do all 
that is demanded of them, and hope to do all that is in their power. 
They will strain every nerve to make this school in the future, as it has 
been in the past, and is at present, a successful and flourishing institu- 
tion. Their wishes and their efforts in this respect are limited but by 
one want — lack of funds to carry out all the many designs that they 
feel to be desirable, and though they hope to maintain the excellence of 
each department, to keep each one alive and active, and fully up to the 
spirit and necessity of the times, they are forced to pause — to hesitate 
sometimes in new enterprises, and obliged to act most circumspectly 
in checking the least extravagance or undertaking anything, the full 
necessity and wisdom of which is not clearly demonstrated. In such 
an institution, naturally, the demands, small and great, are very numer- 
ous, and make a large total, and the utmost discrimination is needed 
to properly advance the requirements of all, without benefitting one 
to the too great detriment of another. I say all this that each depart- 
ment may understand why it is that sometimes things which seem 
slight in themselves, though of some importance as to results, have to 
be denied. Believe me, it would be a far more grateful part for the 
Board of Trustees to act, to grant all these reasonable demands than 
ever to have to refuse. 

It must be remembered that there are very many other calls upon 
the College chest besides those of the School of Mines, while these are 
the largest from the nature of the studies, requiring more apparatus, etc. 
The Trustees owe duties to the School of Arts, to keep up and even 
advance its standard continually ; this was the original College, and was 
received as a trust from the founders which can not be neglected. The 
Law School, too, so successfully administered for more than twenty 
years, has claims antedating those of our school, the new School ot 
Political Science is of immense importance, the Library department 
also requires much money to place it on a sound working basis — 
many needed additions to it must be made, now that we are in circum- 
stances to receive them, and its administration must be increased, in 
order that the library, as well as any other department, shall become 
a factor, as it should be, in a university's curriculum. 

Duty to the public demands the proper maintenance of all of these, 
as well as of our school. In short, it must be the aim of the Trustees to 
make the college a great university, for which purpose there are some 
facilities, and some circumstances, now existing and likely to arise, 
which render this project more feasible with us, than with other col- 
leges. 

It has been suggested to me that it might prove of some interest 
to you, to learn what the projects and hopes of the Trustees would 
probably be for the future, and what means they have, and arc likely to 
have, to further these projects — alas, there are hindrances too. The 
affairs of the College have been somewhat extensively discussed lately 



Digiti 



ized by Google 



GRADUATE DEPARTMENT. 329 

in the public press, its past history and future plans have been entered 
upon with more or less accuracy and detail, and much that I might 
relate is perhaps already known to many of you. 

1 had prepared a statement, somewhat at length, showing the present 
iinancial condition of the College, and some of the future projects, but 
the reiK)rt of the special committee, which was given to the public in 
the papers of yesterday morning, covers all this ground very fully, and 
•consequently, what I have to say will not contain much that is new to 
you but may be of interest in some details, and I have abridged it as 
much as was possible without destroying its continuity, so as not to 
reiterate what is so clearly set forth in that report. 

The policy of the Trustees has been in the past, as it is now, one 
of steady progress in quantity as well as in quality, and this progress 
has been pushed steadily and to the utmost with the resources at 
hand — it has never faltered. The financial management has been the 
most skilful and most successful, and the proper expenditure of the means 
and resources has been carried on mpst judiciously and courageously. 

This I can say confidently as to the past, from an examination of 
the acts of our honored predecessors, who formerly constituted the 
board, before many of its present members had the honor to sit at its 
•deliberations. 

To properly explain this policy it is necessary for me to review 
briefly the actions of the management from the beginning, to place 
side by side the history of the College, with its means of working, and 
its financial acts. This information has been gained from the different 
reports of our President, from the history of the College compiled by 
our Professor of Mathematics, and from a review of the records and 
the minutes of the Board of Trustees. 

The foundation of the College dates from the years 1751 to 1755, 
•during which interval the sum of ^^3,443 \%s, was granted to certain 
Trustees by the Legislature of the Colony (being an amount that had 
been raised by pubhc lottery, according to a custom then in vogue). A 
•charter from tCing George II. was bestowed, and a grant of land was 
made to these same Trustees by Trinity Church, and this now, with 
some slight modifications and alienations, constitutes the down-town 
•estate of the College. This was a part of the land known as the 
" Kinge's Fann," formerly granted to Trinity Church, with the pro- 
viso, apparently, that a portion of it should be given by that corpora- 
don for the purpose of establishing a college. With this small 
amount of cash on hand, the Trustees at once commenced upon 
their duties, engaging their first president and an assistant, but this 
may not have been at that time a very great extravagance, as the sala- 
ries of these gentlemen were only ;^25o and ;^2oo respectively. 

At first, instruction was given in a room of the vestry of Trinity 
■Church, but on July 13, 1756, it was resolved to build a "lime house," 
180 feet long and 30 feet wide, " with a half of the money received from 
the lottery." Two plans were submitted, one with a cupola and one 
'without, and even then the policy of liberality and foresight of the 
Trustees was shown by their deciding to adopt the one with the cupola. 

In the year 1757 the Trustees were notified that they had been 
appointed residuary legatees of his estate, by the will of Mr. Joseph 
Murray, but it does not appear until 1 764 that anything was received, 
when the executors had paid over about ;^9,ooo. 

23 
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And here I will digress to speak of the fact of how little money 
has ever been given by individuals, or other endowments made to 
our College, compared to what others have received. Perhaps the 
reasons for this are not far to seek. We happen to be placed in the midst 
of a very large and essentially a commercial community, and while there 
are many advantages in having a university thus at the very centre, 
its influence is not felt as it would be in a smaller place or one less 
absorbed by business interests, however great its educational advan- 
tages are — however eminent the acquirements of its Faculty. In 
smaller towns, even in such cities as New Haven and Boston, the 
effect of such talent, in a smaller community, exerts an immense 
influence on the place, the professors and their families constitute a 
large and important part comparatively of the society, and the atten- 
tion of the public is called to them, and to their work, in a hundred 
different ways ; thus a greater pride in the success of the institution, 
and a higher esprit de corps are engendered. This reason and a very 
general and erroneous notion, which seems to have sprung up of late, 
that Columbia has always been "rolling in wealth," seems to have de- 
terred many of our wealthy alumni from making any but comparatively 
trifling endowments — that from Mr. S, Whitney Phenix, lately left to us, 
stands almost alone. In only one way do we have an advantage over 
other institutions in this particular ; what income we have is left untram- 
melled, and can be expended in the manner which is seen to be the 
best for the interest of all. Other colleges have suffered more or less 
from endowments that have not been entirely self-supporting ; a large 
building may have been erected for some especial purpose and for its 
maintenance the general funds of the College have to be assailed, or 
the amounts of endowments have not been suflicient, after a time, to 
carry on the object for which they were made, and money has had 
to be applied, that perhaps in other ways could have been expended 
to better advantage. 

These amounts mentioned above were but small beginnings and 
were quickly absorbed, the College pursuing its way and struggling 
against its poverty, but not losing ground or losing its heart. For its 
support, also, appeals were made for aid in 1 762, with more or less 
success, to the various literary societies in England, the Royal So- 
ciety, the Antiquary Society, etc., and again after the Revolution, 
when Columbia College arose like a phoenix from King's College, to 
the societies in France and other European kingdoms, through the 
Marquis of Lafayette. 

With these small sums, thus scraped together, the Trustees felt 
themselves warranted in inaugurating a grammar school, the need of 
which had been felt, and a professor of mathematics having already 
been appointed, other officers also were added, and with some of the 
funds derived from the estate of Mr. Murray, mentioned above, a con- 
siderable library was purchased, to which many books were added by 
a gift from Dr. Bristow of England. 

In 1776, some of the funds having been invested in bonds and 
mortgages, leases also, for twenty one years, of some of the lands were 
effected, as allowed by the charter, and from these sources, from the 
latter of which the greater part or our present revenue is derived, a 
small income was received. This same year, too, a grant of land of 
24,000 acres, in Gloucester County, was made to the College. 
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During the revolutionary war all operations were suspended ; the 
buildings were used as a military hospital, and the library and other 
apparatus was scattered^ and destroyed or lost. 

The British troops evacuated this city in November, 1 783, just one 
hundred years ago, and early the next year the College started again 
under the control of the Regents of the University. The grammar 
school too, which had been inaugurated more than twenty years before, 
was put upon a sound basis. 

It was found during this year and the next (1784-85), that the 
annual income from the personal estate was ;^ 1,000. To this it was 
estimated that about ;^25o could be added by leases of lands, and 
;^i2o more from rent of rooms. There were some other funds in the 
hands of the Treasurer. Some of this would be required immediately 
for buildings and repairs, but it was hoped that the future income of 
the College might be estimated at ;^ 1,200 a year. 

Under these circumstances, the. Board proceeded at once to appoint 
Professors of Latin, of Greek, and of Moral Philosophy, each at a 
salary of ;^ioo. The salary of the Professor of Mathematics was 
made ;^2oo, as also that of the Professor of Natural Philosophy and 
Astronomy, and the Professor of Logic and Rhetoric was to receive;^5o. 

A Medical College was started, with Professors of Chemistry, Bot- 
any, Materia Medica, Practice of Physics, Surgery, and others, a philo- 
sophical apparatus to cost ;^2oo was ordered, and a Law School, 
with several professors, was proposed. It was true they could not af- 
ford the luxury of a president at this time, but this difficulty was ob- 
viated by each professor acting in rotation, and discharging the duties. 

Much of all this grand scheme had to be curtailed, though for 
many years a struggle was maintained, against an adverse fate, to keep 
up a law school and a school of medicine, and almost every year 
petitions for aid were presented to the Legislature, but with trifling if 
any success. 

In 1787 the original charter was confirmed, and Columbia College 
started under essentially the same form of government as exists to- 
day. At this time the reyenue was slowly increasing. The College 
now, however, met with a very serious loss. The foniier large 
grant of land in Gloucester County, which had not as yet been pro- 
ductive of any revenue, but which was so valuable that before many 
years it would have placed us and have kept us in a very flour- 
ishing condition, was alienated from the College, and with slight remu- 
neration also from the State, by an adjustment and alteration of the 
boundary between New York, and the then State of New Hampshire 
and Vermont. This was after a long litigation, and much hard feeling 
on the part of the peoples of each State. In the hill town of Ben- 
nington, Vt., there was standing, a few years ago, and may still be 
standing, an old building known as the ** Catamount Tavern," so 
called from the stuffed figure of such an animal, set before it on a high 
pole, with its teeth grinning toward the State of New York to show 
their hatred of us at this time. 

A grant of ;^7,9oo having been received from the Legislature, 
and an annuity of ;^75o, in 1792 the Medical School was put well 
under way with a new building, and it continued to prosper suffi- 
ciently well and was a charge to the College and something of an ex- 
pense till the year 1813, when it was yielded to the control of the 
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College of Physicians and Surgeons. Many other expenses were en- 
tailed by the necessary additions and repairs to the buildings, and for 
supplying many other needs and deficiencies, and so for many years 
at this period it was a mere " struggle for existence " and ** survival 
of the fittest/' 

In 1801 the office of President was made one of superintendence 
merely, and was bestowed upon Bishop Moore, with a salary of £^oo^ 
but as his time was taken up mainly by his ecclesiastical work, his 
, duties at the College could not have been much more than nominal. 
It was found necessary to open a subscription appealing to the citi- 
zens for aid to build a librar)', for apparatus, etc So the College 
struggled along, doing the best it could, content sometimes without 
a President, and sometimes with only half a one ; and as late as in 
1814 the revenue from all sources amounted to only $14,440.58. The 
highest salary paid was $2,500, and they ranged from this down to 
$500. The total expenditures, mostly for salaries, was $12,582.50, but 
there had been a small debt contracted for building purposes. 

This same year (1814), the State granted to the College the Bo- 
tanic Garden^ which now constitutes our up-town estate, then valued 
at about five thousand dollars, but with certain restrictions which ren- 
dered it a burden rather than a benefit ; these restrictions were after- 
ward repealed, but it was many years before this property became a 
source of revenue. At the same time that this repeal was granted, 
$10,000 was also voted to the College, for the sake of new buildings 
and repairs, and for this was quickly absorbed, together with $22,500, 
borrowed at this time, so that, although the. revenue slightly exceeded 
the expenditures, a debt had to be incurred. 

Without entering more fully into detail, it is sufficient to say that 
during the following years, owing to called-for increases in the cur- 
riculum, which was notably the case in 1828, when a building for the 
Grammar School was erected on the College green, and which was oc- 
cupied for about thirty years, and again in 1836, when new depart- 
ments, German and others, were added, it was found that each year 
they were running behind by nearly two thousand dollars^ and several 
expedients were resorted to. Nevertheless, by 1845, ^^ ^'^^ h^<i 
mounted up to over sixty-three thousand dollars, and in 1857, to 
$166,000, though the income by this time had increased to over twenty- 
three thousand dollars, from leases having fallen in and being renewed 
at materially advanced rates. 

In the month of May of this last year (1857), the project, which 
had been for three years talked about, was carried out and the College 
was transferred to its present site, occupying for many years the old 
asylum building. This was a most wise measure, as it gave up to leases 
the old site, now in the business centre of the city, thus very materially 
increasing the income. This was not done without a large outlay for 
purchase and other expenditures, and the financial condition at that 
time is seen by the following summary : 

Moneyed resources other than income (sales of lots) , $683,650 00 

Estimated amount of debts and liabilities 449, 137 67 

Balance $234,512 33 

Total income from rents, tuition fees, and balance invested $62,184 09 

Taxes, insurance, and repairs, estimated at 7)000 00 
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In 1858, the following year, the Law School was started, and was at 
once a success financially^ and in 1863 and 1864 the School of Mines 
was proposed and started. A year afterward it was found that the 
expenditures for this new venture exceeded the receipts by $40,000 ; 
but it was a great success otherwise, and has continued to improve and 
increase. At that time there were in the College proper, in the School 
of Mines, and in the Law School, 414 students ; to-day there are some- 
what over a thousand. 

The Trustees felt justified in incurring still further liabilities, for at 
this time the revenues considerably exceeded the expenditures. With 
part of the excess they built, in 1866, at a cost of $150,000, a new 
building on Fourth Avenue, for the School of Mines, and the system of 
fellowships and scholarships was started in the College. The rest of 
the surplus was devoted to extinguishing the debt, which happy result 
was attained in 1872. 

Other improvements were made in each school. In 1868 the 
studies in the School of Mines were divided into five departments, and 
another, architecture, was added in 1881, and summer classes in 
mining and mechanical engineering and geodesy have been organized. 
The School of Political Science has been undertaken. This building, 
"Hamilton Hall,'* for college lecture-rooms, etc., has been erected for 
about $300,000, and the new Library and Law School building has been 
built for about the same sum. 

So much, then, for the past. Enough, I think, has been said to vin- 
dicate the Board of Trustefes from the charge of parsimony — enough to 
show that they have done the most possible with the means at hand, 
and under many difficulties, from the original inception to the present 
time. 

Now the total expenditures of running are : For the School of 
Arts, or College proper, $120,000 ; for the School of Mines, $100,000 ; 
for the Law School, $50,000— making in all, with the School of Polit- 
ical Science, etc, in round numbers, $290,000 or $300,000. 

As to the present financial condition of the College, as it was at 
the beginning of this year, the following may be taken as an approxi- 
mation of the value of the property held : 

Land and present CoII^e buildings, as far as erected, including libra- 
ries, collections, apparatus, etc $ii33i>864 00 

Down-town estate 2, 128,260 00 

Up-town estate, roughly estimated from rents now received or that 

will be received when all of present leases fall in 3i743)4^ 00 

Accumulating fund from surplus of receipts {this has now been ex' 

pended) 37i9" 5^ 

Value of Wheelock property at Manhattanville, purchased twelve 

years ago with the idea of moving the College there, about .... 175,000 00 

Value of Hazlett property on Madison Avenue, obtained by fore- 
closure of mortgage, about 22,000 00 

Making the total assets %lA'fiA¥^ 5^ 

Or deducting the money invested in College buildings and the land 

on which they stand, and value of plant, etc $6, 106,632 56 

This, of course, is an enormous sum, but the leases on much of it 
having been made for twenty-one years, and many of the terms not 
having expired yet, and some not being leased, the total interest de- 
rived from rents, instead of over $300,000, is now only $213,299.26. 
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To meet the expenses of building heretofore incurred, in addition 
to the moneys of the accumulating fund, a loan of $102,000 has been 
effected. 

There will yet have to be expended upon the Library building, and the 
new School of Mines building, now in course of erection, and for 
the new boilers, furniture, etc., during the present year $267,693 95 

To meet this we have the sum invested in mortgages to be paid, and 

the estimated surplus of the year, together ^ 81,298 98 

Leaving to be provided for bv a loan $186,394 97 

And this with the loan already contracted of loa^ooo 00 

Will make the debt on the first of next October, about. . . $288,394 97 

The total receipts from all sources, rents, interest, and fees, which may 

be considered as income for the ensuing year, are estimated at.. $335,424 26 

And the total expenses of running all the departments, for salaries, re- 
pairs, libraries, apparatus, printing, prizes, and other contingent 
expenses are estimated at 308,341 90 

Which will leave a surplus at the end of the year, of $27,082 36 

Since the erection of this building, " Hamilton Hall," in which we 
now are, the Tnistees have had in contemplation, and have had plans 
and estimates made for : 

A library and lecture rooms for the Law School and Observatory, to 

cost $294,400 00 

This building, from various causes, instability of the ground and other 

unforeseen contingencies, has cost 330,000 00 

An addition to Hamilton Hall on Forty-ninth Street, extending toward 
the library building, for section and lecture rooms, and on the top 
story an apparatus room and labratory of physics, to cost 76,048 00 

An addition to the School of Mines, filling up tne vacant space at the 
comer of Forty -ninth Street and Fourth Avenue, and also the site 
of the President's house, to be used for lecture rooms for the differ- 
ent professors, and an organic laboratory, to cost 125,000 00 

These last two, the additions to the School of Mines, and to 
"Hamilton Hall," will probably be the next undertaken, and with 
these for a time, we may have to be content. 

Afterwards, a chapel, to cost $111,000 00 

And a building on Fiftieth Street^ to replace the present old building, 
for six or eight lecture and section rooms, probably for the School 
of Political Science, to cost 217,000 00 

Somewhat more than a year ago, it was found that that part of the 
School of Mines buildings erected in 1866, on Fourth Avenue, was in 
an unsafe condition, and consequently it had to be at once torn down, 
the collections removed, at considerable trouble and expense, and a new 
building ordered in its place, for collections, etc., and private rooms. 

Estimated to cost $129,728 00 

This has been found to cost really 151,500 00 

Consequently all of the buildings recently erected, or in contemplation 

will cost 1,010,548 00 

It has been calculated that in spite of the increase of rents, as the 
leases fall in and are renewed at higher rates, with the consequent sur- 
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plus each year in the running expenses, by borrowing money as 
needed, if adl of these buildings should be proceeded with at once, or 
as rapidly as we conveniently could, and completed, we should have a 
debt on October i, 1886, of between $600,000 and $700,000. From 
that time on, this could be gradually diminished, and paid off from the 
surplus, and that it could be entirely cleared away by October i, 1890 ; 
and that after this time, with a revenue from rents and tuition fees of 
over half a million, we might go on our way rejoicing. These calcula- 
tions, however, will have to be materially modified. In the first place 
buildings always cost from twenty-five per cent, to thirty per cent 
more than the architect's estimate, as any one knows who has had any 
experience in such matters. With the requisite furniture and fix- 
tures the sum would be swelled still further, and it would not be either 
a prudent or a wise course to incur a greater debt than the $600,000 
or $800,000 that we may be obliged to, or we should be crippled for 
so long a time that the daylight ahead would be diminished to an 
'' ignis fatuus," and the time for the benefits to accrue would be post- 
poned to a period too distant to contemplate ; there are other, and 
weightier considerations also. 

It is true that we need all of the buildings as soon as we can get them, 
but we cannot let this need outweigh the still more important and more 
present wants of an increased and improved curriculum. The present 
studies must be continually improved upon and kept fully up to the 
spirit of the age as it advances ; furthermore, new studies and branches of 
learning must be undertaken, and new professors appointed. We must 
not let the grass grow under our feet ; these are matters in which we 
can not pause. The progress must be steady, and it must of necessity, 
too, be rapid — to stand still is to go backward. Many schemes are 
already talked about ; their necessity is felt as sensibly as it is keenly 
urged. The proposed new studies and branches have been set forth 
in the recent report of the Trustees. I will not therefore enlarge 
upon them here. 

We wish to make provision for instruction in Hebrew, and have a 
full course eventually in comparative philosophy, natural theology and 
the evidences of Christianity, archaeology, natural history in many of 
its branches, pedagogics, and perhaps a school of fine arts. 

In the Law School we wish to teach all the principles of common 
law. 

In the School of Mines should be established a course of electrical 
engineering, the course of sanitary engineering should be further de- 
veloped, and the organic laboratory should be started. 

Though we may not, for a long time, be able to undertake all of 
. these, we should try to add with the passing years as many as are 
practicable, and at the same time not incur a debt that would over- 
burden us ; therefore some of our building schemes may have to rest. 

In one respect Columbia occupies perhaps a peculiar position : it 
has almost a perfectly untrammelled, and in the future probably will 
have a large mcome, and one not dependent mainly upon tuition fees, 
as is the case with other colleges. To it, therefore, more than to others 
belongs the possibility of so elevating its course, and raising its standard 
that in the future all of the highest branches of education shall be given 
here — such a course as is not to be had elsewhere in this country. 
Even if it does not increase greatly in the number of its matriculates. 
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even if it falls away in this respect, it can still maintain a full corps of 
the ablest instructors to be had, and its course of study, if not added 
to in- amount, can be changed into one comprising the hi^est branches 
only. 

Whether this will not be the wisest policy to pursue is another 
thing for the Board of Trustees before long to decide. 

These are all immense questions, and to solve them in the best 
manner, they must be handled with skill and prudence, as well as with 
boldness ; unwise expenditures must be curbed while judicious ones 
must be freely encouraged. 

At any rate, such is the position in which the Board of Trustees finds 
itself to-day. I have tried to show that they have not been guilty, at 
any time, of timid conservatism or want of enterprise, and I think that 
their past course indicates that, though often laboring under heavy 
disadvantages, this has never been the case. May they have the tact 
and ability to encounter the great questions before them now, and in 
the future to control the immense forces that they will hold in their 
hands, to make this our loved Alma Mater at some day — not so far 
distant but that most of us assembled here to-night shall see it — the 
leading university in the land ! 

At the conclusion of his address, the President introduced the invited 
guest of the evening. Professor J. S. Newberry, who spoke substan- 
tially as follows : 

Professor Newberry's Remarks. 

I was about to address you as my old friends, but as I look 
around the room I see only young, bright, hopeful, and I may say 
handsome faces, and the elastic, vigorous forms of youth. Still, in one 
sense you are my old friends, for my acquaintance with many of you 
be^an in years long gone by, and in a different age of the school with 
which we are identified. Some of you can remember the modest be- 
ginnings of that school, the deficiencies in its machinery, the defects 
in its course of instruction ; but probably none of you can realize the 
difficulties with which it has had to contend and the effort by which 
every step was achieved ; how we were compelled to fight over every 
inch of ground gained, and how often those of us who are engaged 
in this enterprise were discouraged by the impediments we encoun- 
tered. When you look at the school as it is and realize its popularity 
and the general recognition of its usefulness, you can hardly imagine 
it as it was when it consisted of a handful of students and a little rude 
apparatus housed in an abandoned broom factory — an appendage to 
the old deaf and dumb asylum — regarded by many as an unwarranted 
innovation, and by most as a doubtful experiment. 

In those days. Professors Chandler, Egleston, and myself spent 
many an anxious hour in conference over the wants of the school and 
the difficulties that beset us, and with the former, who then lived near 
and gave his whole time and thought to the enterprise, I had many a 
midnight consultation over the perplexities of the present, the hopes 
and fears of the future. The room full of earnest and accomplished 
young men whom I see before me are the best evidence that our labor 
was not altogether in vain. 

The school is not yet all that we have wished and hoped it would 
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become : it is sadly cramped for room, very badly located, alongside 
of the terminus of the greatest railroad connection in the world, where 
the jar and din of passing trains and screaming engines is almost un- 
bearable ; and there are defects in the internaJ organization and work- 
ing of the school which need to be remedied. * We have, I regret to 
say, a number of diflferent courses of study, and naturally a certain 
amount of rivalry between them as claimants on the students* time. 
As a consequence we are asking of them more than they can perform. 
But the most gratifying and cheering event in the pleasant experiences 
of this evening, and that which seems to be fullest of promise for 
the future is the presence with us of a graduate of the School of Mines 
who is President of the Society of the Alumni and at the same time 
a Trustee of Columbia College. The School of Mines has suffered 
more than from any other cause from a lack of supervision on the 
part of those who alone had the power to control its destiny. In all 
the years during which I have occupied my position in the Faculty, I 
have but once seen under its roof the chairman of the committee of 
the Board of Trustees specially charged with its management, and 
that once was fifteen years ago. There are defects to be remedied in the 
course of instruction. The clashing of rival claimants on the students' 
time and the resources of the school needs to be harmonized. There 
should be some consultation with the heads of the different depart- 
ments in regard to the just division of the space in the new build- 
ings, and it should not be left to chance or favoritism. The Trus- 
tees are all sincerely desirous to do the best thing for the school, 
but the best thing cannot be done without a fuller knowledge of 
the subject than they have yet ha4 ; and I hail with delight the ac- 
ceptance by the President of the Alumni of the position he now holds, 
feeling that he has special fitness to become the medium through 
which the power of the Trustees may be most intelligently applied to 
the development and regulation of the School of Mines. 

Those whose lives are bound up in the School of Mines — its teach- 
ers — have the best knowledge of its condition and wants, and are 
most deeply interested in its success ; but each of them has limited 
responsibility and still more limited "power. Each is expected to pull 
only his own string. But the best interests of students, professsors, and 
trustees — the usefulness and reputation of the school— demand a 
closer and more vitalized union with its administrative head. This I 
am confident we shall have in the President of the Alumni and there- 
fore his election and acceptance may well be matters of sincere self- 
congratulation among us. 

And now, speaking for my own department, I think I can report 
substantial progress. I have long felt the want of a laboratory in 
which I could make my students more practically familiar with ores 
and fossils than has been heretofore possible. A room had been 
granted me in the old building, and had been fitted up for a conference 
room, but none of the students' time was allowed me. Now that space 
has been assigned to Dr. Ricketts for a metallurgical laboratory, where 
all the processes followed in the treatment of the precious metals will 
be practically illustrated, and I rejoice that so important and needed 
an addition has been made to our means of educating the student. 
But I feel, as all of you must feel who have had any experience in the 
field, that nothing is more important for the graduate of a mining 
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school than a practical knowledge of the ores, the rocks and the fos- 
sils most characteristic of the formations with which he will meet. 
And it will be conceded that this knowledge can only be gained hf 
laboratory practice. So important have I felt this to be that I have 
recently fitted up, at my own expense, the room I before occupied as 
a study, in order that all who choose, graduates pr undergraduates, 
may have direct access to typical specimens and become as familiar 
with them as they like. 

I have given myself infinite trouble to gather a collection of 
specimens illustrating the great and varied mineral resources of the 
country, feeling that this was a necessary part of the equipment of a 
mining school, and knowing from my own experience the impossibility 
of making lectures on economic geology intelligible without such illus- 
trations. I congratulate myself that this collection is already the 
best of its kind in the world, and it now includes typical and charac- 
teristic representatives of the product of most of the important mines 
and quarries in the United States. 

I have also formed, largely by my own efforts, a series of the rocks 
and fossils characteristic of the different formations which compose our 
continent — the most symmetrical collection and the best adapted for 
teaching of any in the country. To this collection I have recently 
added the finest Ichthyosaurus in the United States, and a series 
of American fossil fishes and fossil plants, which place our museum 
before all others in these departments of paleontology. 

With all these things every student in the school should make him- 
self familiar ; with the ores, since these are the raw materials from 
which are added many millions of dollars each year to the wealth 
of the country, and are the things with which the mining engineer, 
the metallurgist, and the chemist will have much to do in the 
practice of his profession ; with the fossils, because they are the labels 
written upon the rocks and the only safe glides in geological explora- 
tion. But this knowledge can only be gamed by laboratory practice, 
and I think you will agree with me that it is of much importance that 
every student of the school should be given the means for acquir- 
ing it. 

Our Herbarium — hardly inferior in size or value to any other in the 
country, since it contains the accumulation and record of the long life 
of our venerated Dr. Torrey, the types of Chapman's Southern Flora, 
and the private and standard collection of cryptogamic plants belong- 
ing to the late C. F. Austin, with the Meissner herbarium of old world 
species — is recognized as a most important part of the capital of 
Columbia College. After lying in great confusion for several years, it 
has been put in excellent order during the past summer, and is ready 
for transfer to the fire-proof quarters promised it in the new building. 

Another forward step in the progress of the school which deserves 
mention, is the series of popular lectures given during the past winter 
before the Engineering and Chemical societies, and those given by 
Profs. Ware and Rees to inaugurate their courses on Architecture and 
Astronomy. These have attracted audiences — students and their 
friends— exceeding the capacity of the rooms where they were de- 
livered, and have demonstrated the reality of the want we have long 
felt, of an auditorium where courses of lectures on literature, science, 
and the arts could be given to the assembled students as a means of 
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general culture, and to the public as a means of increasing the influ- 
ence and usefulness of the college. Let us hope that such an audi- 
torium, which has been so important a part of the educational ma- 
chinery in other universities, and is capable of being made of equal 
value here, will soon be placed at our disposal. 

Our first duty is of course to our students, and to them sudi 
general lectures as I have referred to would be most instructive and 
gratifying; but the community in which we live also deserves our 
consideration, and nothing could do more to win the sympathy and 
co-operalion of the people of this city than to give them an oppor- 
tunity of sharing in the intellectual banquets spread by Columbia 
College. 

I am glad to be able to report that the Trustees have given to the 
Meteorological Society, the Torrey Botanical Club, and the New 
York Academy of Sciences the privilege of holding their meetings in 
the College buildings, and I think we shall all be gainers by these 
measures, which tend to make Columbia College more of an intel- 
lectual centre. 
• From these remarks it will be seen that, while I deplore the unde- 
sirable location of the School of Mines and the want of room to 
expand that must limit our usefulness and our satisfaction in the per- 
formance of our duties, I can truthfully say that I regard this as the 
brightest day in the history of the School of Mines; that we have many 
reasons for self-congratulation, and that among them all the most 
cheering is the gathering of such a representation of her alumni as I 
now see before me, presided over by Mr. Schermerhorn. Many pleas- 
ant things have happened to me in my relations with the School of 
Mines, but none so pleasant as this opportunity to welcome back 
to our halls so many of those in whom I have a personal and almost 
paternal interest, who gave mp so much satisfaction as pupils, and 
who are now doing themselves and the School so much credit in ac- 
tive life. 

The Secretary of the Association, Dr. Ricketts, then stated to the 
meeting the plan adopted by the Board of Managers for the profes- 
sional advancement of the members of the Association, by aiding them 
in obtaining employment, and stated that since the meeting of the 
Board of Managers in February some forty-five graduates had been 
recommended to positions. The plan of increasing the annual dues 
to three dollars, inclusive of the Quarterly, was also explained by 
the Secretary, and a tabulated statement presented of the vote of the 
Association upon the matter, as far as received. 

The total number of votes was 138; in favor, 112 ; opposed, 22 ; 
doubtful, 4. 

The sense of the meeting was called for by the President, and the 
increase in dues was endorsed by a large majority. 

Votes of thanks were unanimously tendered to the President and 
to Professor Newberry for their interesting addresses, and it was 
resolved that these latter be printed in the School of Mines Quar- 
terly. 

The meeting then adjourned to partake of the collation provided 
through the efforts of the committee, the social gathering continuing 
until after 11.30 p.m. 
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We have received from the Secretary of the Class of 1878 the 
following correspondence for publication : 

Tacoma Copfbr Mining Co., Globe, Ariz., December 28, 1882. 

I am wrestling with copper smelting on my own book, or will be soon. I have 
two hmidred tons of coke just hi that cost me $13,000, which rather lays over T. 
£.'s '' I30 for Connellsville in Utah.*' Tell the boys, if they want to learn **what 
is copper, what copper is," to come out here and ysuik slag pots twelve hours for 
$4, and they will find out something about the true inwardness of smelting in the 
Far West. 

Yours very truly, 

W. B. Deversux. 



San Antonio, Tex,, February 19, 1883. 

Am still at San Antonio, in the service of the Galveston, Harrisburg and San 
Antonio Railway System. The main line of this road is now completed, and we 
have unbroken connection with New Orleans and San Francisco. Have lately 
accepted the position of Material Agent of the International Construction Com- 
pany, which is the Mexican extension of the G., H. and S. A. Ry., though I shall 
still retain the similar position on the old road. We have only just crossed the Rio 
Grande, but expect to have two hundred kilometres cf track laid before the close 
of the year. 

Very truly yours, 

William Mollis. 



Ithaca, N. Y., January 30, 1883. 

I am kept busy here ; have charge of all the Blowpipe Analvsis, Crystallog- 
raphy, Mineralogy, and Assaying, with about fifteen students in each subject. The 
new chemical laboratory building here is just receiving its finishing touches, and I 
shall have splendid accommodation and equipment for my work by the beginning 
of next term. There is more going on here than most people suspect, and I believe 
great thmgs will be accomplished here before long. It is a great pleasure to work 
for an institution which has a wise, liberal, and efficient President and Board of 
Trustees. I have my hands full at present, and find little time for original work, 
but manage to keep a little organic chemistry going all the time. 

Yours very truly, 

Spencer B. Newberry. 

PiNOs, State of Zacatecas, Mexico, February 16, 1883. 

I am here in the heart of Mexico, in charge of the company*s property, which 
consists of four mines here smd three mines seventy miles away by the road. Our 
chief efforts are exerted here, however, where I am erecting reduction works ordo^ 
from Frazer & Chalmers*, Chicago, last summer. I have, of course, to visit the 
other mines occasionally, to direct future workings, and when I do so, I go on horse- 
back ; but, of course, I have a responsible man there in charge. Our mines in Pinos 
furnish ore that is very docile, those in Ramos furnish ore that is the reverse. You 
will be mystified by the various terms used here to designate vaiious classes of ores. 
The term " azoge " means either quicksilver or pay rock of silver or gold. When I 
was here last spring, I visited an '* azoge " (quicksilver) mine and there first learned 
the term. Later I examined a gold and silver mine, and one of the miners said, 
pointing to some ore, "This is 'azoge.*" I said **No" (not recognizing *• Hg*'). 
He meant "pay rock.*' I suppose he thought I was a fool, for the rock was cer- 
tainly very rich. Then we have a multitude of terms for minerals, which are sup- 
posed to represent the same minerals, but which are applied to different ores m 
different districts not far separated. For instance, we have "plata verde,'* which, 
properly applied, should mean ^^embolite** (AgBrCl), bat the term is used here 
for anything green that contains silver. We lUso have the terms ** black silver,** 
which means anything black that contain? silver ; «« blue, white, and tisk silver," 
which terms are equally specific. If I had time I could write you much of interest 
regarding the people (natives) and their habits, but can say but a few words: the 
mmers work naked, and the women (lowest classes) do wear something more than a 
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necktie, but that necktie is usually Dot worn around the neck. Many of the chil- 
dren wear nothing at all, though the climate here is not hot ; we are about eight 
thousand feet above sea level. 

Yours truly, 

Nelson W. Perry. 

The other members of the class of 1878 have not written to the 
Secretary of that class, or else there is no news with regard to them ; 
their latest addresses will be found in their regular order in the List 
of Graduates. 

LOCATION OF GRADUATES. 

(For exact address in each case the reader is referred to the 
Graduate I^ist published in this number.) 

Brazil.— Gordon, '71 ; Barros, '77 ; Tordio, '77. 

Cuba.— Brinckerhoff, '78 ; Francke, '80. 

Central America.— ^aAvm//^; Parker, '80. 

England — London: Greene, '80. 

<iBRMANY. — Marsh, '79 ; Navarro, '80 ; Weichmann, '81 ; Caiman, '82 ; Witt- 
mack, '82. 
iAPAN.— Hasegawa, '78 ; Matsui, '78 { Nambu, '78 ; Singer (G., Jr.), '80. 
f BXICO. — State of Chihuahua : Holbrook, '76 ; Leggett, '79 ; Sheldon, '79. 
Cu/iacan: Roberts, *Sl. ^<?>wrtf ; Olcott, '74; Bush, '81. State of Zacate- 
cos : Perry, '78. 

Peru.- Pazos, '7a 

Alabama. — Noble, '79. 

Arizona. — Globe: Devereaux, '78. Tombstone: Church, '67; Van Blarcom, '76; 
Emrich, '82. 

C/iLiFORiilA.—Bodie: Harker. '79. Mexico: Thacher, '77. Nbrt.i Bloomfield: 
Radford, '77. North San Juan: Browning, '80; Downing, '78. San 
Francisco: Adams, '67; Lillienthal, '70. San Leandro : Noyes, '75. 

Colorado. — Colorado Springs : Parsons, *68; Strieby/78. Denver: lies, '75. 
Georgetown: Parker, '785 Page, '82. Golden: Ihlseng, '75; Tilden, '76. 
Gunnison City: Cornwall, *76. Idaho Springs: Raymer, '81. Irwin: 
Reed, '77. Kokomo: Cloud, '79. Leadville: Van Wagenen, '70 ; Murray, 
'74; Bruen, '76 ; Helleberg, '77 ; Nichols, '77 ; Fernekes, '78. Montezuma: 
Lawrence, *78. Nevadaville : Craven, '76 ; Cornwall, '79. Telluride: 
Mathis, ^79. 

Connecticut. — Collinsville : Hill, '82. Portland: IngersoU, '7a Weathers 
field: WUliams, '81. 

District of Columbia. — Washington: Shumway, '82 

Idaho. — Galena : McCulloh, '78. Ketchum : Austin, '76. 

Illinois. — Aurora: Van Arsdale, *68 ; Garlichs, '80. Bloomington: Tut tie, '67. 
Chicago : Giddings, '67. Cummings : Stockwell, '82. 

Indiana. — Terre Haute: Colton, '73. 

Xbntucky. — Elizabethtown : Reed, *7q. 

Louisiana. — New Orleans: Stewart, 75 ; Eastwick, '79. 

Massachusetts.— i?<>j/(7«; Hunt, '76; Hollerith, '79. Cambridge: Dunham, 
'81. Newburyport : Thompson, ^ J <. 

Michigan. — Ann Arbor : Joy ^ ^y$, Ishpeming: Fitch, '82. Marquette : V^ei- 
more, '75. Menominee County : Cady, '77. Opechee P,0,: Klepetko, '80. 

MissouRL— 5/. Louis : Potter, '69; Riggs, '71 ; Wheeler, *8o. Ironton : Munroe, 

'79. 
340NTANA.— /r<f/^«« ; Nettre, '69. Walkerville: Bleecker, '81. 

Nebraska.— 0)910^ ; Hoyt, '76. 

Nevada. — Winnemucca: Van Lennep, '67. 

^EW jKKSiLY.^Cartaret : Traphagen, '82. Dover: Canfield, '73. Jersey City : 
Booraem, '78 ; Downs, '82. Newark : Pool, '75 ; Starr, '79 ; Stone, »79 ; 
Sands, '82. New Brunswick: Austen, '72. Orange: Lindsley, '70; Wil- 
liams, '74. Oxford : Robertson, '68. Princeton : Cornwall, '67. Tomkins 
Cove: Roberts, '71. 
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N«w Mexico.— F(or/ Wingate: Wilson, '8i. Giorgettnvn: Smallcy, 'Sa Sihfer 

City: Viw^^^6, Tomdsfom : Jndd^ *Si. 
VEyrYoRK.^Bufa/0: Karr, '78. Brewstersi Ruttman, 'So; Illig, '82; Payne, 

*82; Vondy, '82. CaUkill: Mcscrole, '81. FurnacevilU : Parrott, '70. 

Hamilton College: Chester, '68. Hoosic Falls : ]o\ai^n (I. B.), '79. Ithaca: 

Newberry, '78, MecAanicsville : DougXzs^ 'Si. Potsdam : Hetith, '67. Rye: 

Wainwright, '82. Staten Island: Wheeler, '68. S^ttyten huyvil: Johnson 

(E. M.), '78; Johnson (G. H.), '78. 
New York City and Brooklyn. — 

'67 — Bridgham, Brown, Brownson, Grade, Hale, Harmer. 

'68 — Barnard, Baxter, Carson, Coursen, Geer, Pistor, Piatt, Schermerhom, 
Smith (L.), Smith (W. A.). Stallknecht. 

'69 — Bruckman, Hooker, Jenney, Munroe, Randolph. 

'70— Haight, Waller. 

'71— Fales, Goldschmidt, Ricketts. 

'72— McDowell. Sloane, Wendt. 

'73— Molt, Webl), Williams. 

'74 — Allen, Benedict, Cameron, Rees. 

'75— Jackson, Leavens, Macy, Pfister, Rees, Rolker, Russell, Tucker, Wells. 

'76 — Garrison, Gratacap, Hall, Hamilton, Hutton, King, Love, Maghee, 
Morewood, O'Grady, Randolph, Wallbridge, Wardlaw. 

'77— Beard, Behr, Buckley, Canficld, Caldwell, Colby, Constant, Cornell, 
Floyd, Hildreth, Ihlseng, Mackintosh, Murphy, Norris, Rogers, Sage, 
Smealon, Smythe, Van Boskerck, Waterbury. 

'78 — Benjamin, Butler, Cushman, Davis, Drummond, Elliott, Haas, Hodges, 
Holden, Morewood, Morris, Munsell, Murphy, Noyes, Owen, Palmer. 

'79 — Britton, DeLuze. Hafien, Hathaway, Hollick, Johnston, Mayer, Merwin, 
Neftel, Nesmith, Rutherfurd, Suydam, Williams. 

'80— Beebe, Benjamin, Brugman, Butler, Churchill, Clark, Elliott, Engel, 
Greenleaf, Hallock, Hendricks, Hooper. Hopke, Hudson, Kunhardt, 
Mattison, Merritt, Parks, Robinson, Torrey, Walker. 

*8l — Andresen, Braschi, Colby, Elliott, Griswold, Hemmer, Leary, Ledoux, 
Little, Neyman, O'Connor (M. J.), O'Connor (T. D.), Pitkin, Sawyer, 
Share, Steams, Tuttle, Van Sinderen, Vult^, Williams. 

'82 — Conant, Cooper, Crocker, Dougherty, Downcs. Feuchtwanger, Jouet, 

Moses, Oothout, Powers, Staunton. Toucey, Wanier, Ward, White, Young. 
North Carolina. — Charlotte: Hanna, '68. • 

OHIO.—Briar Hill : Meissner, '8a Cleveland: Foote, '76; Swain, '81. Colum- 
bus: Lord, '76. Glendale: Going, '82 ; Porter, '82. Oberlin : Wright, '75. 
VZHHS^hVKmK.— Bradford : Parsons, '82. McKeesport : Tonn^l^. '80. Phila- 
delphia: Lillie, '74. Pittsburg: Robertson, '71 ; Singer (G. H.), '8a Rid- 

dlesburg: Kelly, '77. Scranton: Moffatt, '68. Shamokin: Ludlow, '79. 

West Middlesex : Aschmann. '81. 
Rhode Island. — Newport: Putnam, '75 ; Willis, '78 ; Richmond, '81. 
South Carolina, — Charleston: Chazal, '81. 

Tennessee. — Nashville: Campbell, '69. Tracy City: Merwin, '79, 
Texas. — San Antonio: HoUis, '78. 
M'^Kn.—Park City: Rhodes, '79; WUson, '82. Salt Lake City: Knapp, '70; 

Terhune, '70 ; Rhodes, '74 ; Schneider, '76 ; Furman, '81. 
ViRQxmK,— Backbone: Lyman, '78. Falls Mills : Starr, '8 1. 
Wisconsin. — Madison: Irving, '69. 
Wyoming. — Rawlins : Blydenburgh, '78. 

LIST OF GRADUATES. 

1867. 

John Magnus Adams A.B., A.M., E.M., Mining and Mechanical Engineer, 

Agent for Frue Vanner, etc., 109 California Street, Room 7, San Francisco, 

Cal. 
Samuel Willard Bridgham, E M., 49 West Twenty-third Street, New York City. 
Francis Gordon Brown, E.M., Merchant, 116 East Twenty-seventh Street, New 

York City. 
Edward Stdle Bronson, A.B., A.M., E.M., Prospect Park, Brooklyn. House, 

144 Hicks Street. 
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John Adams Church, E.M., Ph.D., Superintendent Tombstone Mill and Mining 

Co., Tombstone, Arizona. 
Henry Bedinger Cornwall, A.B., A.M., E.M., Professor of Analytical Chemistry 

and Mineralogy, College of New Jersey, Princeton, N. J. 
Edward Everett Giddings, E.M., Merchant, 21 Metropolitan Block, Chicago, III. 
Charles King Grade, A.M., E.M., 71 Broadway, New York City. 
Albert Ward Hale, A.B., A.M., E.M., Civil and Mining Engineer, 71 Broadway, 

New York City. 
Thomas Hayes Harmer, A.B., A.M., E.M., 113 East Thirty-seventh Street, New 

York City. 
Frederic Milton Heath (formerly Petit), E.M., Potsdam, Saint Lawrence County, 

N. Y. 
William Wey Tuttle, E.M., Horticulturist, care of Baird & Tuttle, Bloomington, 

David Van Lennep, E.M., County Surveyor and Assayer, Winnemucca, Humboldt 
County, Nevada. 

1868. 

Augustus Porter Barnard, E.M. Address, care of D. Van Nostrand, 23 Murray 

Street, New York City. 
Vxcorge Strong Baxter, A.B., E.M., Mining and Civil Engineer, Cashier North 

Pacific Railroad, 23 Fifth Avenue, New York City. 
James Pettigrew Carson, E.M., Mining Engineer. Address, 71 Broadway, New 

York City. 
Albert Huntington Chester, A.M., E.M., Ph.D., Childs Professor of Agricultural 

Chemistry, Hamilton College, Clinton, Oneida County, N. Y. 
George Hampton Coursen, E.M., C.E., 307 Greenwich Street, New York City. 
George Jarvis Geer, Jr., E.M., Merchant, 453 Broome Street, New York City. 
George Byron Hanna, A.B., E.M., Melter, U. S. Assay Office, Charlotte, N.C. 
♦Archibald MacMartin, A.B., A.M., E.M., Editor and Metallurgist, 168 Fifth 

Avenue, New York City. Died in New York City» May 7, 1881. 
Edward Stewart Moflfatt, A.B., A.M., E.M., Assistant General Manager, Lacka- 
wanna Iron and Coal Company, Scranton, Pa. 
George Howland Parsons, E.M., Superintendent of Land Improvement Company, 

Colorado Springs, Col. 
William Pistor, E.M., Hamilton & Pistor, Architects, 35 Broad Street. Residence, 

136 East Thirty-seventh Street, New York City. 
Charles Slason Plait, E.M., Assayer, 4 Liberty Place, New York City. 
Kenneth Robertson, E.M., Manager Pequest Iron Works, Oxford, N. J. 
Albert P. Shack, E.M., Ministry. Address unknown. 
Frederick Augustus Schermerhom, E.M., Trustee of Columbia College. Address, 

61 University Place, New York City. 
Lenox Smith, A.B., E.M., Steel Rails, 46 Pine Street, New York City. 
William Allen Smith, E.M., Secretary Iron and Metal Exchange Company 

(Limited). Address, 16 Exchange Place, New York City. 
Frederick Stallknecht. E.M., Editor, 133 West Thirteenth Street, New York City. 
William Henry Van Arsdale, A.B., A.M., E.M., Vice-President Aurora Smelting 

and Refining Company, Aurora, 111. 
Moses Dillon Wheeler, A.B., E.M., P. O. Box 231, Stapleton, Richmond County, 

Staten Island. 

1869. 

♦ Thomas Monahan Blossom, A.B., A.M., E.M. Died, October, 1876, in Cali- 
fornia. 

Frederick Bruckman, E.M., 125 East Eighth Street, New York City. 

Alonzo Clarence Campbell, E.M., Chemist and Mining Engineer, 227 Shelby 
Avenue, Nashville, Tenn. 

William Augustus Hooker, A.B., A.M., E.M., Consulting Geologist and Mining 
Engineer ; office, 2 Wall Street, New York City. 

Roland Duer Irving, A.M., E.M., Ph.D., Professor of Geology and Mineralogy 
in the University of Wisconsin, and United States Geologist in charge of 
survey of crystalline rocks of the Northwestern States. 

Walter Proctor Jenney, E.M., Ph.D., Consulting Engineer and Geologist. Ad- 
dress, care of S. Jenney & Son, 128 Pearl Street, New York City. 
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Henry Smith Munroe, E.M., Ph.D., Adjunct Professor in Surveying and Practi- 
cal Mining, School of Mines, Columbia Collie, New York City. 

Lionet Robert Nettre, E.M., Superintendent of the Gr^ory Consolidated Mining 
Company, Helena, Lewis and Clarke County, Mont. 

• Henry Newton, A.B., E.M., Ph.D. Died, August 5, 1877, at Deadwood City, 
Dak. Ter., while occupied as Assistant Geologist of Black HilU Expedition. 

William Bleecker Potter, A.B., A^., E.M., Professor of Mining and Metal- 
lurgy, Washington University, St. Louis, Mo. 

John Cooper F. Randolph, A.B., A.M., E.M., Consulting Engineer, 35 Broad- 
way, New York City. 

1870. 

Ogden Haight, E.M., Stock Broker, 38 Broadway, New York City. 

William Halsey Ingersoll, A.B., A.M., LL.B., E.M., United States Stamping 

Company, Portland, Conn. 
John Augustus Knapp, A. B., A.M., E.M., General Manager Mingo Furnace^ P. 

O. Box 515, Salt Lake City, Utah. 
John Leo Lilienthal, E.M., P. O. Box 1058, San Francisco, CaL 
Stuart Lindsley, E.M., Orange, N. J. 
Edward Moore Parrot, E.M., Manager of the Fumaceville Iron Company, Fur- 

naceville, Wayne County, N. Y. 
Richard Henry Terhune, E.M., Superintendent of the Morgan Silver Smelting 

Company, Salt Lake, Utah. 
Theodore Francis Van Wagenen, E.M., General Manager Twin Lakes Consoli- 
dated Gold Placer Mining Company, Leadville, Col. 
Elwyn Waller, A.B., A.M., E.M., Ph.D., Instructor in Analytical Chemistry, 

School of Mines, Columbia College, and Chemist to the New York Board of 

Health, New York City. 

1871. 

William E. S. Fales, E.M., LL.B., Counsellor-atLaw, 189 Montague Street, 
Brooklyn, N. Y. 

Samuel Anthony Goldschmidt, A.B., E.M., Ph.D., Manufacturing Chemist, Co- 
lumbia Chemical Works, 66 Water Street, Brooklyn, N. Y. 

John Gordon, Jr., E.M. Address, care E. Johnson & Co., Rio Janeiro, Brazil. 

Pierre de Peyster Ricketts, E.M., Ph.D., Instructor in Assaying, School of Mines, 
Columbia College. 

George Washington Riggs, Ph.B., Chemist, Potter & Riggs, Washington Univer- 
sity, St. Louis, Mo. 

Gracie Sayre ^loberts, E.M., C.E., New York, Ohio & Western Railroad, Tom- 
kins Cove, Rockland Co., N. J. 

Richard Spotswood Robertson, Jr., E.M., with Carnegie Bros. & Co., Pitts- 
burg, Pa. 

1872. 

Peter Townsend Austen, Ph.B., Ph.D., F.C.S., Professor of General and Applied 
Chemistry, Rutgers College. New Brunswick, N. J. 

* Frank B. Jenney, E.M. Died in Trinidad, 1876, while engaged as Superinten- 
dent of the Orinoco Exploring Company. 

Frederick H. McDowell, E.M., Beckett & McDowell, 120 Liberty Street, New 
York City. 

Thomas O'Connor Sloane, A.B., A.M., E.M., Ph.D., Chemist, 119 Pearl Street, 
New York City. 

Arthur F. Wendt, E.M., C.E., Consulting Engineer, 10 Cedar Street, New York 
City ; residence, 414 East Fifty-first Street. 

1873- 

Frederick A. Canfietd, A.B., A.M., E.M., Consulting Engineer, Dover, N. J. 
Charles Adams Colton, E.M., Professor, Rose Polytechnic Institute, Terre Haute, 

Indiana. 
Henry Augustus Mott, Jr., E.M., Ph.D., Mining Engineer and Analytical Chem- 

ut ; 61 Broadway, Room 56, New York City. 
Henry Walter Webb, E.M., Broker; residence, 14 West Thirty-eighth Street, 

New York City. 
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John Townsend WiUtftmt, E.M., Ph.B., East River Chemical Works, Forty-fourth 
Street and East River, New York City. 

1S74. 

Charles Sumner Allen, Ph.B., M.D., Practising Physician, 109 East Eighty-sixth 

Street, New York City. 
William de Liesseline Benedict, E.M., Benedict & Cole, 63 Broadway, New York 

City. 
John Gedney Mott Cameron, E.M., C.E., Assayer, Spears & Howard. Address, 

Fifty-fifth Street and Madison Avenue, New York City. 
Samuel Morris Lillie, E.M., Chemist, Harrison, Havemeyer & Co., loi South 

Front Street, Philadelphia ; residence^ 307 Pine Street, Philadelphia, Pa. 
George Murray, E..M.. General Manager Amer. Mining and Smelting Co., Lead* 

ville, Colorado. City address, 235 West Twenty-third Street, New York City. 
Eben Erskine Olcott, E.M., Superintendent St. Helena Gold Mine, Delicias, So- 

nora, Mex. Address, 1 1 1 West Thirteenth Street, New York City. 
Benjamin Franklin Rees, E.M., Merchant, 37 Ferry Street, New York City. 
Francis Bell Forsyth Rhodes, E.M., Superintendent Mingo Works, near Salt 

Lake, Utah. 
Frederick Harrison Williams, E.M. Care of W. Williams, Orange, N. J. 

1875. 

Magnus C. Ihlseng, E.M., C.E., Ph.D., Prof, of Engineering, State School of 

Mines, Golden, Col. 
Malvern Welk lies, Ph.D., Metallurgist, Grant Smelting Company, Denver, Col. 
Charles Edward Jackson, C.E., Division Engineer, Manhattan Railroad Com- 
pany, New York City. 
Douglas Arad Joy, E.M., Assistant in Chemistry, University of Michigan, Ann 

Arbor, Mich. Temporary address, 154 West Twenty-second Street, New 

York City. 
•Robert Schuyler Lamson, C.E., Major in the Egyptian Army. Died at Darbour, 

Upper Egypt, 1876. 
Harry Wenman Leavens, E. M. Care of Frederick Leavens, 835 Broadway, New 

York City. 
Arthur Macy, Ph.B., C.E. Address, 609 Lexington Avenue, New York City. 
William Skaats Noyes, E.M., Oakland, Cal. 

Philip Charles Pfister, E.M., Black & Pfister, 142 Maiden Lane, New York City. 
Franklin Pool, £. M. , Chemist, Celluloid Manufacturing Company, Newark, N. J. 
Bayard Taylor Putnam, E.M., Northern Trans-continental Survey, Newport, R. I. 
John Krom Rees^ A.B., A.M., E.M., Adjunct Professor in Geodesy and Practical 

Astronomy and Director of the Observatory, Columbia College, New York 

City, 
tharles M. Rolker, E.M., Mining Engineer, 63 Broadway, New York City. Re- 
sidence, 302^ Livingston Street, Brooklyn, N. Y. 
Samuel Howland Russell, E.M., 417 Fifth Avenue, New York City. 
Hunter Stewart, E.M., Civil Engineer, P. O. Box 1566, New Orleans, La. 
Milton Strong Thompson, Ph.B., Chemist, Chrolithion Manufacturing Co., New- 

buryport, Mass. 
John Henry Tucker, Ph.D., Supt. Philadelphia Sugar Refinery, 225 Church Street, 

Phila., Pa. 
James Simpson Chester Weils, Ph.D., Instructor in Analytical Chemistry, School 

of Mines, Columbia Coii^e. 
Edwin Atwater Wetmore, E.M. Care of E. A. Wetmore & Co., Iron Merchants, 

Marquette, Mich. 
Albert Allen Wright, A.B., A.M., Ph.B., Prof. Geology and Natural History, 

Oberlin CoU^e, Oberlin, O. 

1876. 

Thomas Septimus Austin, E.M., Philadelphia Mining and Smelting Co., Wood 

River District, Ketchum, Idaho. 
Frederick Everett Bruen, E.M., C.E., P.O. Box 16, Leadville, CoL 
Francis Sanderson Craven, EM., C.E., Supt. Gold Hill Mining Company, 

Nevadaville, Bald Mountain P.O., Gilpin Co., Col. 
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George Rockwell Cornwall, E.M., C.E., Minbg Engineer, Gunnison City, CoL 
Herbert Carrington Foote, C.E., Professor of Chemktry, Central High SchooL 

Address, 37 Arlington Court, Cleveland, O. 
Edmund Hyatt Garrison, E.M., C.E., Asst. Treas. Central Park, N. and E.R.R.R. 

Co., Tenth Avenue and Fifty-third Street, New York City. 
Louis Benton Gratacap, Ph.B., M.A., Curator Am. Museum of Natural History, 

Central Park. Address, 81 Gold Street, New York City. 
Robert William Hall, E.M., 3 W. Fifty-sixth Street, New York City. 
Schuyler Hamilton, Jr., A.B., A.M., E.M., Architect, 35 Broad Street, New 

York City. 
Francis Newberry Holbrook, C.E., Superintendent Corralitos Mining Company, 

Corralitos, Chihuahua, Mex. Address, care J. P. Holbrook, 254 Broadway, 

New York City. 
Walter Lowrie Hoyt, E.M., C.E., Chemist and Assayer, Omaha Smelting and 

Refining Company, Omaha, Neb. 
Frederick Fumeaux Hunt, E.M., C.E., 4 Pemberton Square, Boston, Mass. 
Frederic Remsen Hutton, A.B., AM., E.M., C.E., Ph.D., Adjunct Professor in 

Mechanical Engineering, School of Mines, Columbia College. Address, 6 W. 

Thirty-third Street, New York City. 
Charles King, Ph.B., Railway Contractor, 68 Wall Street, New York City. 
Nathaniel Wright Lord, E.M., Professor of Mining and Metallurgy, Ohio State 

University, Columbus, Ohio. 
Edward Gurley Love, A.B., A.M., Ph.D., Tester of ill gas, Dept. of Public 

Works, New York City ; Examiner in Chem. , CoU^e of Physicians and Sur- 
geons. Address, School of Mines, Columbia College. 
John Holme Maghee, A.B., A.M., C.E., 16 East Fifty-fourth Street, New York 

City. 
Henry Francis Morewood, E.M., Importer, 34 South Street, New York City. 
James William O'Grady, E.M., C.E., Home Street, opposite Villa Place, Morris- 

ania, New York. 
James Fitz Randolph, E.M., C.E., Supt. N. Y. and Long Branch R. R., 119 Lib- 
erty Street, New York City. 
William Coleman Ross, E.M., C.E., Silver City, Grant Co., New Mex. 
Albert Francis Schneider, E.M., C.E., Supt. Germania Smelting and Refining Co., 

P. O. Box 748, Salt Lake City, Utah. 
George Cyrus Tilden, C. E. , Mining Engineer, Golden, Col. 
Elbert Champlin Van Biarcom, C.E., Tombstone, Ariz. 

Augustus Clark Walbridge, E.M., C.E., Builder, 120 Broadway, New York City. 
James Robert Wardlaw, C.E., 39 Nassau Street, Room 31, New York City. 

1877. 

Louis de Souza Barros, C.E., E.M., San Paulo, Brazil. 

James Thom Beard, E.M., C.E., 103 St. James' Place, Brooklyn. 

Edward Behr, C.E., Piano Manufacturer, 42 Union Square, New York City. 

Charles Ramsay Buckley, A.B., A.M., E.M. Address, 66 Broadway, Room 56, 
New York City. 

Linus Bertram Cady, E.M., C.E., m Michigan. Address, 234 West Thirty-eighth 
Street, New York City. 

Augustus Cass Canfield, E.M., 60 West Fifty-fourth Street, New York City. 

John Britton Cauldwell, C.E., 6 East Forty-ninth Street, New York City. 

♦Henry Gilbert Clark, E.M., C.E., late Supt. Cortez Mining and Milling Co., 
Aurora, Nev. Died of typhoid fever, August 2, 188 1. 

Charles Edwards Colby, E.M., C.E., Private AssUtant to Professor C. F. 
Chandler. Address, -Fiftieth Street and Fourth Avenue, New York City. 

Charles Louis Constant, E.M., C.E., T. J. Hojer & Co., Paints, 936 Third 
Avenue, New York City. 

George Birdsall Cornell, E.M., C.E., Civil Engineer. Address, 46 West Forty- 
eighth Street, New York City. 

Frederick William Floyd, E.M.,C.E., Oregon Iron Works, 738 to 744 Green- 
wich Street, New York City. 

Frank Stuart Helleberg, C.E., Assayer and Chemist, Cummin^ & Finn Smelting 
Works, Lcadville, Col. 

Walter Edwards HiWreth, E.M., C.E., Consulting Engineer, 52 Broadway, New 
York City. 
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Axel Olaf Ihlscng, JB.S., E.M., C.E., 151 East Thirty-thifd Street, New York. 

City. 
Jos^ Nabor Pacheco Jordao, CE., E.M., Ph.B., Paulista Railroad, Sa^Paulo^ 

Brazil 
William Kelly, A.B., E.M., Superintendent Kemble Coal and Iron Co., Rid-^ 

dlesburg, Bedford County, Penn. 
James Buckton Mackintosh, E.M., C.E., Private Assistant to Dr. Egleston, School) 

of Mines, Columbia College, New York City. 
John Glenvil Murphy, KM., C.E., 409 Lexington Avenue, New York City. 
Ralph Nichols, E.M., C.E.^ Chemist, La Plata Smelting and Mining Company, 

Leadville, Col. 
Dudley Hiram Norris, E.M., Lawyer, 35 Wall Street, New York City. House 

address, 112 Lafayette Avenue, Brooklyn. 
♦James Robert Priest, E.M.. C.E., School Teacher and Surveyor, Greenville, 

Sinon County, Liberia, Africa. Died, i88a 
William Helsham Radford, E.M., North Bloomfield, Nevada Co., Cal. 
Sylvanus Albert Reed, A.B., E.M., Rose and Reed Milling Co., Irwin, Gunnison 

County, CoL 
Charles Louis Rogers, E. M. , C. E. , 39 Broadway, New York City. 
Edward Eugene Sage, C.E., Assistant Assayer, United States Assay Office, New 

York City. 
William Henry Smeaton, C.E., E.M., Mt. Vernon, Westchester Co., N. Y. 
Roland Mulviile Smythe, E.M., C.E., 539 Henry Street, Brooklyn, N. Y. 
Arthur Thacher, E.M., C.E., Progress Mming Company, Lower California. Ad- 
dress, 108 East Thirty-sixth Street, New York City. 
Robert Ward Van Boskerck, C. E., Artist, studio, 337 Fourth Avenue, New York 

City. 
Cornelius Read Waterbury, C.E., Engineer and Surveyor. Care of Leonard & 

Company, 150 Broadway, New York City. 

1878. 

• 
William James Adams, A.B., A.M., E.M. Address, 709 California Street, Sat 

Francisco, Cal. 
Marcus Benjamin, Ph.B., 132 Nassau Street, Room 20; residence, 43 East Sixty- 
seventh Street, New York City. 
Charles Edward Blydenburgh, A.B., A.M., E.M., Mining Expert and Prospector, 

Rawlins, Wyo. Ter. 
Robert Elmer Booraem, E.M., 370 Grove Street, Jersey City, N. J. 
George Charles Brinckerhoff, E. M. Address, Apartado 183, Matanzas, Cuba. 
WiUard Parker Butler, E.M. Care of Maitland, Phelps & Co., 22 Exchange Place, 

New York City. House address, Scarsdale, N. Y. 
Alexander Ramsy Cushman, Ph.B., Ph.D., 128 East Sixteenth Street, New York 

City. 
John Woodbridge Davis, C.E., Ph.D., Principal, School of Mines Preparatory 

School, 104 West Forty-second Street, New York City. 
Walter B. Devereux, A.B., A.M., E.M., Superintendent, Takoma Copf>er Mining 
• Company, Globe, Ariz. Address, 219 West Eleventh Street, New York City. 
Isaac Wyman Drummond, E.M., Ph.D., Chemist, F. W. Devoe & Co., 436 West 

Twenty-second Street, New York City. 
Orrien Pinkerton Downing, Ph.B., San Leandro, Cal. 
Walter Graeme Elliot, E.M., C.E., Ph.D., Elliot & Hooper, Consulting Sanitary 

Engineers, 252 Broadway. House address, 250 West Forty-second Street, 

New York City. 
Anton Femekes, E.M., Assistant Supt. American Mining and Smelting Company, 

T. O. Box 933, Leadville, Col. 
Harry Leopold Haas, Ph.B., Zucker & Levett Chemical Co., 540 West Sixteenth 

Street, New York City. 
Yothinosuke Hasegawa, E.M., Ph.D., Engineer in Coal Mine. Address University 

of Tokio, Tokio, Japan. 
Henry Albert Hodges,, E.M., Chief Clerk, Wm. D. Andrews & Bros., Drive 

Wells, 233 Broadway, New York City. 
Edward Henry Holden, C.E., Surveyor and Civil Engineer, One Hundred and 

Sixty-ninth Street and Boston Avenue, Morrisania, N. Y. 
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William Hollis, C.E., Mining Expert, Galveston, Harrisbuiig & San Antonio 

Railroad, San Antonio. Texas. 
Elias Mattison Johnson, Ph.D., I. G. Johnson & Co., Malleable Iron, Spnyten 

Duyvil, N. v. 
Gilbert Henry Johnson, Ph,B., Chemist, I. G. Johnson & Co., Spuyten Duyril, 

Corydon Powell Karr, Ph.B., 30 Wadsworth Park, Buffdo, N. Y. 
Benjamin Bowden Lawrence, E.M., Superintendent and Mining Engineer, Monte- 
zuma Mining Co., Montezuma, CoL Address, 238 East Thirteenth Street, 

New York City. 
Frank Lyman, A.M., E.M., Manager Stack Mine, Backbone, Alleghany Co., Va. 
Edward Austin McCuUoh, Ph.B., Assistant Manager Senate Smelting and Mining 

Co., Galena, Idaho. Address, P. O. Box 2346, New York City. 
Nawokichi Matsui, Ph.D.,,Instructor in Qualitative Analysis, University of Tokio, 

Tokio, Japan. 
George Barrow Morewood, E.M.,Ph.D., Tea Importer, 34 South Street, New 

York City. 
Gouvemcur William Morris, E.M., Myers, Rutherford & Co., 58 Wall Street, 

New York City. 
Charles Edward Munsell, Ph.B., Milk Inspector, New York Health Department, 

128 Worth Street, New York City. Address, Glen Cove, L. I. 
Henry Morgan Murphy, E.M., Murphy & Co., 231 Broadway, New York City. 
Kingo Nambu, E.M., Engineer in Coal Mine. Address, University of Tokio, 

Tokio, Japan. 
Spencer Baird Newberry, E.M., Ph.D., Professor of Chemistry, Agricultural De- 
partment, Cornell University, Ithaca, N. Y. 
James Atkin Noyes, Ph.B. Address, 155 Remsen Street, Brooklyn, N. Y. 
• Owen Frederick Olmsted, C.E. Died at Albany, N. Y., November 21, 1881. 
Frederick Nash Owen, E.M., Assistant Sanitary Engineer, Board of Health. 

Address, 19 West Fifty-sixth Street, New York City. 
Cortlandt Edward Palmer, E.M., Engineer, North Brother Island Hospital. 

Address, 25 Madison Avenue, New York City. 
Richard Alexander Parker, C.E., Civil and Mining Engineer, P. O. Box, 28, 

Georgetown, Col. 
Vicente Felix Pazos, E.M., 122 Calle Zavala, Lima, Peru. 
Nelson Williams Perry, E.M., Pinos, State of Zacatecas, Mexico. 
William Strieby, A.B., E.M., Professor of Metallurgy and Assaying, Colorado 

Collie, Colorado Springs, Col. 
Bailey Willis, E.M., C.E., Assistant Geologist, North Transcontinental Survey, 

Newport, R. I. 

1879. 

Nathaniel Lord Britton, E.M., Ph. D., Assistant in Geology, School of Mines, 

Columbia College, New York City. 
Leo George Cloud, A.B., E.M., Superintendent Little Chicago Mining Co., 

Kokomo, Surttmit County, Col. 
Harry Clay Cornwall, E.M., Mining Engineer, Nevadaville, Bald Mountain P.O., 

Gilpin Co., Col. 
Louis Phillipe De Luze, C.E., 48 Pine Street, New York City. 
George Spencer East wick, C.E., Manager of Sugar Refinery, New Orleans, La. 

Address, care of Haveraeyer & Eastwick, Jersey City, N.J. 
Louis Francis HafTen, A.M., C.E., Brewer, One Hundred and Fifty-second Street 

and Courtland Avenue, New York City. 
Charles Sumner Harker, E.M., care of Bodie Tunnel Co., Bodie, CaL 
Nathaniel Hathaway, Ph.B., Private Assistant to Dr. Waller, School of Mines, 

Columbia College. 
Herman Hollerith, E.M., Instructor in Mechanical Engineering, Massachusetts 

Institute of Technology, Boston, Mass. 
Charles Arthur Hollick, Ph.B., box 128, Port Richmond, S. L 
Isaac Bradley Johnson, E.M., Chemist, Hoosick Malleable Iron Works, Hoosick 

Falls, N. Y. 
Robert Andrew Johnston, C.E., Assistant Sanitary Engineer, New York Board of 

Health. Address, Scarsdale, N. Y. 
Edward Cabet Koch, E.M., care of Little Annie Mining Company, 65 Broadway, 

New York City. 
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Thomas Haight L^igett, Jr., KM., Superintendent Charcas Syndicate, State of 

Chihuahua, Mex. 
Edwin Ludlow, E.M., Mineral R. R. & Mining Co., Shamokin, Pa. 
Charles Wells Marsh, Ph.B., Student, Professor Hofmann's Laboratory, Berlin, 

Germany. 
Theophilus Smith Mathis, KM., Telluride, Ouray Co., Col. 
Ralph Edward Mayer, C.E., Assistant in Drawing, School of Mines, Columbia 

Collie, New York City. 
Hubert John Merwin, KM. City address, 668 Hancock Street, 'Brooklyn. 
George Fanshawe Milliken, E.M., 120 Broadway, Room 27, New York City. 
Otis Mortimer Munroe, Ph.B., Ironton, Iron County, Mo. Address, 102 Eait 

Forty-fifth Street, New York City. 
Knight Neftel, C.E., Neftel, Churchill & Parks, 39 Broadway, New York City. 
James Nesmith, E.M., 256 Henry Street, Brooklyn, N. Y. 
Charles Milton Noble, E.M., General Foreman Woodstock Iron Works, Annis- 

ton, Ala. 
Robert Dunn Rhodes, E.M., Ontario Mine, Park City (Parley's Park), Utah. 
William Bell Stephen Reed, KM.^ E. & B. S. R. R., Elizabethtown, Hardin 

County, Ky. 
Francis Mprris Rutherfurd, KM. Care W. Rutherfurd, 244 East Thirteenth 

Street, New York City. 
Gardner Hutchinson Sheldon, E.M., Corralitos, Chihuahua, Mex. 
George Cameron Stone, Ph.B., Chemist, New Jersey Zinc and Iron Co., Newark, 

N. J. Address, 127 Madison Avenue, New York City. 
Henry Fowler Starr, Ph.B., Chemist, Newark Steel Works. Address, 91 Mount 

Pleasant Avenue, Newark, N. J. 
♦Francis Baretto Stewart, Ph.B. Died of typhoid fever, at Harlem, N. Y., August, 

1879. 
John Richard Suydam, Jr., E.M., 43 East Twenty-second Street, New York City. 
Granville Whittlesey Williams, 388 Clinton Street, Brooklyn, N. Y. 

1880. 

Alfred Lockwood Beebe, Ph.B., Assistant in Assaying, School of Mines, Columbia 

College. Residence, 58 East Sixty-eighth Street, New York City. 
Frank Parkinson Benjamin, C.K Address, 31 West Nineteenth Street, New York 

City. 
Frederick Denison Browning, E.M., Engineer, Eureka Lake and Yuba Canal Co., 

North San Juan, Nevada Co. , California. Address, care Ledoux & Ricketts, 

10 Cedar Street, New York City. 
William Frederic Brugman, Ph.B., 327 East 57th Street, New York City. 
Nathaniel Butler, E.M. Care Henry Russell & Co., 42 Barclay Street, New York 

City. 
Alfred Daniel Churchill, M.S., Ph.B., E.M., Instructor in Drawing, School of 

Mines, Columbia College. 
Edwin Perry Clark, E.M., 340 Clinton Street, Brooklyn, N. Y. 
William Elliott, Ph.B., Chemist, Elliott, Hopke & Mattison, 197 Pearl Street, 

New York City. 
Louis George Engel, E.M., Engineer, with the Brooklyn Sugar Refinery, Brook- 
lyn, N. Y. 
Robert Otto Francke, C.E., travelling in Europe. Address, care Francke & Co., 

Havana, Cuba. 
Herman Garlichs, E.M., Aurora Smelting and Refining Co., Aurora, III 
Wilkins Updike Greene, Ph.B., care of Brown, Shipley & Co., London, England. 
James Leal Greenleaf, C.E., Assistant in Engineering, School of Mines, Columbia 

College, New York City. 
Albert Peter Hallock, Ph.B., Chemist, N. Y. Gaslight Co. ; residence, 249 East 

Thirty-first Street, New York City. 
Henry Harmon Hendricks, Ph. B. , Chemist, Ledoux & Ricketts, 10 Cedar Street, 

New York ; residence, 512 Fifth Avenue, New York City. 
Louis Mosher Hooper, C.E., Elliot & Hooper, Consulting Sanitary Engineers, 

252 Broadway, New York City. 
Theodore M. Hopke, Ph.B., Chemist, Elliott, Hopke & Mattison, 197 Pearl 

Street, New York City ; residence, Hastings-on- Hudson. 
Edward Henry Hudson, C.E., Wholesale Coal Trade, iii Broadway. Residence, 

54 East Fifty-third Street, New York City. 
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Frank Klepetko, E.M., Mining Engineer to Osceola and Tamarack Mining Com- 
panies. Address, Opechee P. O., Houghton County, Mich. 

Wheaton Bradish Kunhardt, E.M., Engineer with the Bower Barif Rustless Iron 
Co., of New York. Address, care Kunhardt & Co., 32 Beaver Street, New 
York City. 

Joseph Godley Mattison, Ph.B., Chemist, Elliot, Hopke & Mattison, 197 Pearl 
Street, New York City. 

Charles August Meissner, Ph.B., Chemist, Briar Hill Iron and Coal Co. Address, 
Box 142, Briar Hill. Mahony Co., O. 

James Haviland Mcrritt, Ph.B., Chemist, Bradley White Lead Co., Water Street, 
New York 5 residence, 184 Lefferts Place, Brooklyn, N. Y. 

Juan Adelberto Navarro, C.E., Student, Germany. Address, care Mexican Le- 
gation, Berlin, Germany. 

Andrew McClean Parker, E.M., Sonsanate, Salvador, Central America. Address, 
37 William Street, New York Citv. 

John Randolph Parks, E.M., Neftel, Churchill & Parks, 39 Broadway, New 
York City ; residence, 113 Penn Street, Brooklyn, N. Y. * 

Henry Alvord Robinson, Ph.B. With Robinson & Scribner, 102 Broadway, 
New York ; residence, 19 East Sixty-second Street, New York City. 

Ferdinand Ruttmann, Jr., E.M., Mining Engineer, Tilly Foster Iron Mine, Brew- 
ster's Station, N. Y. 

George Singer, Jr., E.M., in Japan. Address, care Singer, Nimmick & Co., Pitts- 
burg, Pa. 

George Hart on* Singer, E.M., Singer, Nimmick & Co., Pittsburg, Pa. 

Wallace Augustus Smalley, E. M. , Surveyor and Assayer, Geoi^own, N. Mex. 

Maxwell Smith, C.E., N. Y., W. S. & B. R. R. Address, 762 Madison Avenue, 
New York City. 

Theodore Tonnelfe, Ph.B. McKeesport Iron Co., McKeesport, Pa. City address, 
48 East Sixty-eighth Street, New York City. 

Charles Herbert Torrey, Ph.B., Assistant in Qualitative Analysis, School of 
Mines, Columbia College. Residence, 53 West One Hundred and Twenty- 
eighth Street, New York City. 

Joseph Walker, Jr., C.E., 289 Fifth Avenue, New York. 

Herbert Allen Wheeler, E.M., Instructor, Washington University, St. Louis, Mo. 

1881. 

Charles Alfred Andreaen, E.M., with Pickard & Andjesen, 8 Gold Street, New 
York City. 

Frederic Theodor Aschman, Ph.B., Chemist, Wheeler Iron Company, P. O. Boj 
292, West Middlesex, Mercer County, Pa. 

Chas. Popham Bleecker, E.M., Assayer Alice Gold and Silver Mining Co., Walk 
erville, Montana. 

Victor Manuel Braschi, Ph.B., Resident Graduate ; candidate for decrees of E.M. 
and Ph.D. Address, 250 West Twenty-fourth Street, New York City. 

Edward Renshaw Bush, K M. ; with E. E. Olcott, Sonora, Mex. Address, care 
T. A. Bush, 54 Wall Street, New York City. 

Phillip Edward Chazal, A.B., E.M., Analytical Chemist, 46 Meeting Street, 
Charleston, S. C. 

Albert Ladd Colby, Ph.B., Inspector, State Board of Health. Address, School of 
Mines, New York City. 

Edward Moorhouse Douglass, C.E. U. S. Geological Survey. Address, Me- 
chanicsville, Saratoga Co., N. Y. 

Edward Kellogg Dunham, Ph.B., Student in Medicine, Harvard University. Ad- 
dress, 5 Holyoke, Cambridge, Mass. 

Arthur Henry Elliott, Ph.B., Assistant in Chemistry, College Physicians and Sur- 
geons ; also candidate for Ph.D., School of Mines. Address, School of Mines, 
New York City. 

Howard Van Fleet Furman, E.M., Germania Works, Salt Lake City, Utah. 

William Tudor Griswold, C.E., care L. C. Coe, 120 Broadway, New York City. 

Frederick Adolph Hemmer, Jr., Ph.B., returned from Europe. Address, East 
Morrisania, New York City. 

Chas. Breck Judd, E.M., United States Deputy Surveyor, Tombstone, N. Mex. 

Daniel James Leary, C.E. Address, 138 Keap Street, Brooklyn, N. Y. 
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acmcnt Lc BoutiUier, Ph. B. Address, 50 East Twenty-fifth Street, New York City. 
Augustus Damon Ledoux, Ph.B., with Ledoux & Ricketts, 10 Cedar Street, New 

York City. 
Willard Parker Little, E.M., Resident Graduate, Course in Architecture. Address, 

60 West Fortieth Street, New York City. 
Walter Monfort Meserole, C.E., N. Y., W. S. & B. R. R., CatskUl, N. Y. 

Address, 590 Lorimer Street, Brooklyn, N. Y. 
Percy Neyman, Ph.B., Resident Graduate. Address, care E. H. Neyman, 97 

Maiden Lane, New York City. 
Michael Joseph O'Connor, E.M. Address, 42 West Twenty-eighth Street, New 

York City. 
Thomas Devlin O'Connor, Ph.B. Address, 42 West Twenty-eighth Street, New 

York City. 
Lucius Pitkin, A.B., Ph.B., Chemist, Laurel Hill Chemical Works, Penny Bridge, 

\-t» la 

George Sharp Ravmer, A.B., E.M., Idaho Springs, Col. Address, 63 Seventh 

Avenue, Brooklyn, N. Y. 
William Thomas Richmond, Ph.B., Chemist, Trans-continental Geological Surrey, 

Newport, R. I. 
Arthur Carr Roberts, E.M., Sinalo and Durango Railroad, Culiacan, Mexico. 
Chas. Pike Sawyer, Ph.B., Chemist, Whiting Manufacturing Co. Residence, 29 

West Twenty-seventh Street, New York City. 
William Waldemar Share, Ph.B., Assistant in Physics, Columbia College. Ad- 
dress, 336 Navy Street, Brooklyn, N. Y. 
Chandler Dannat Starr, C.E., Resident Engineer, E. R. R. R. Co., Falls Mills, 

Tazewell County, Va. Address, 103 East Sixteenth Street, New York City. 
Thomas Beale Steams, E.M., Agent for Colorado Iron Co., 115 Liberty Street, 

New York City. 
Alfred Ernest Swain, E.M. Address, 902 Prospect Street, Cleveland, Ohio. 
Edgar Granger Tuttle, E.M., 92 Prospect Place, Brooklyn, N. Y. 
Alvan Howard Van Sinderen, Ph.B., Student, Columbia Law School. Address, 

178 Columbia Heights, Brooklyn, N. Y. 
Herman Theodore Vult^, Ph.B., 223 West Forty-third Street. New York City. 
Ferdinand G. , Wiechmann, Ph. D. ; student at Berlin. Address, care of E. G. 

Wiechmann, 458 Broadway, New York City. 
William Fish Williams, C.E., E.M. Address, Wethersfield, Conn. 
Herbert M. Wilson, C.E., Topographer, U. S. Geological Survey, Fort Wingate, 

New Mexico. Address, 26 Vesey Street, New York City. 



1882. 

Albert Caiman, Ph.B., Student in Germany; care of Carlsbach & Cahn, Mayence 

a. R., Germany. 
Thomas Peters Conant, E.M., with Thomas A. Edison. Address, care of Harper 

Bros. , New York City. 
William Hamilton Cooper, Ph.B., Constructing Engineer, with A. F. Wendt. 

Residence, 25 Clinton Avenue, Jersey City, N. J. 
Francis Bacon Crocker, E. M. , Curtis & Crocker, 140 Nassau Street. House ad- 
dress, 54 West Twenty-first Street, New York City. 
Oscar Vincent Dougherty, Ph.B., with A. Dougherty, 80 Centre Street, New York. 

Address, 138 Columbia Heights, Brooklyn, N. Y. 
Stancliff Bazen Downes, C.E., 719 Lexington Avenue, New York City. 
William Fletcher Downs, E.M., Chemist Dixon Crucible Co., Jersey City, New 

Jersey. 
Anton Frederick Emrich, M. E., Tombstone Mill and Mining Co., Tombstone, 

Arizona. 
David Beauregard Falk, C.E. Address, care Falk, Hirsch & Co., Charleston, 

S. C. 
Henry Feuchtwanger, Ph.B. Address, 64 East Sixty-fifth Street, New York City. 
Charles Lincoln Fitch, E.M. Fitch & Howe, Engineers, Ishpeming, Mich. 
Chsu'Ies Buxton Going, Ph. B. , Chemist, Cincinnati Desiccating Company, Cincinnati, 

Ohio. Address, Glendale, Ohio. 
William Hill, C.E., with Collins Co., P. O. Box 196, CoUinsville, Conn. 
William Charles Illig, E.M., Tilly Foster Iron Mine, Brewsters, N. Y. 
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Cavalier Hargraye Joiiet, Ph.B., Chemist, Ledoux & Ridcetts, lo Cedar Street, 
New York City. 

Antonio Esteban Mesa, C.K, Sa^a la Grande, Cuba. 

Alfred Joseph Moses, E.M., Assistant in Mineralogy, School of Mines^ Colombia 
College, New York Citjr. 

Edward Austin Oothout, ^.M., with James Renwick, Architect, 4 Broad Street, 
New York City. 

William Stevens Page, E.M., Georgetown, Colorado. 

William Barclay Parsons, Jr., A.B., C.E., Erie R. R., Bradford, Pa. 

Clarence Quintard Payne, E.M., Chemist, Theall Iron Mine, Brewsters, N. Y. 

John Bonsall Porter, E.M., licensed Instructor in Metallurgy, Cincinnati Uni- 
versity. Address, Glendale, Ohio. 

Cornelius Van Vorst Powers, Ph.B. Address, 23 West Forty-eighth Street, New 
York City. 

Ferdinand Sands, Ph.B., Chemist, New Jersey Zinc Works, Newark, N. J. 

Willard Adams Shumway, A.M., E.M., U. S. Geological Survey, Washington, 
D. C. 

William Field Staunton, Jr., E.M., with Ledoux & Ricketts, 10 Cedar Street, New 
York City. 

Nathaniel Strange Stockwell, E.M., Engineer, Calumet Iron and Steel Co., Calu- 
met House, S. Chicago, 111. 

Donald Butler Toucy, E.M., Student at Columbia Law School. Address, 57 West 
Fifty-third Street, New York City. 

Frank Weiss Traphaeen, Ph.B., Chemist, Williams, Clark & Co. Address, 109 
Pearl Street, New York City ; residence, Cartaret, N. J. 

Rudolph Harrison Vondv, E.M., Tilly Foster Iron Mine, Brewsters, N. Y. 

John Howard Wainwright, Ph.B. Address, Rye, Westchester County, N. Y. 

Albert George Wanier, Ph.B., care of Frederick Beck & Co., 206 West Twenty- 
ninth Street, New York City. 

Norbert Reillieux Ward, E.M., Contracting and Mining Engineer, 62 William 
Street, New York City. 

William Scherf White, E.M., Surveyor, 79 and 81 Cedar Street, New YoA City. 

William Alexander Wilson, E.M., Box 153, Park City, Utah. 

Charles August Wittmack, M.S., Ph.B., Student, Prof. Baeyerfs Laboratory. 
Address, 40 Shilling St. III., Miinchen, Germany. 

Edward Leavitt Young, E.M., with Ledoux & Ricketts, 10 Cedar Street. Resi- 
dence, 1 14 East Seventy-fourth Street, New York City. 

ENUMERATION. 
Class of 1867 13 Classof 1876 26 



1868 20 

1869 II 

1870 9 



»877 31 

1878 40 

i»79 33 



1871 7l '' 1880 36 

1872 5' " 1881 37 

1873 5| «* 1882 37 

1874 9 — 

1875 20 Total number of graduates .... 339 

Known to he deceased. 

Class of 1868 Archibald MacMartin. 

** 1869 Thomas Monahan Blotaom. 

** 1869 Henry Newton. 

•* 1872 Frank B. Jenney. 

*' 1875 Robert S. Lamson. 

" 1877 Henry G. Clark. 

«• 1877 James R. Priest. 

** 1878 Owen F. Olmsted. 

«* 1879 Francis B. Stewart. 

Total 9 

Number of graduates living 330 
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Employed as follows : 

As Mining Engineers, consulting 27 

*• ** ** field-work lo 

'* " *' superintendents of mines 18 

** ** ** instruction 2 — 57 

** Civil and Mechanicsd Engineers, consulting 4 

** «* ** '« field-work 34 

** '* " " instruction 8 

** *' •* *' sanitarywork 5— 51 

** Chemists, consulting and analytical 43 

** ** superintendents of works 5 

** Assay ers 28 

** Chemists and Assayers, instruction 14 — 90 

*• Metallurgists, consulting 2 

** ** superintendents of works 16 

** ** instruction 4 — 22 

" Geologists and Mineralogists, consulting 2 

*' ** *' *' field-work 5 

" " ** ** instruction 7— 13 

•* Architects 3 

** Lawyers 4 

•* Artists I 

*• PhjTsicians i 

** Editors 2 

** Ministers i 

In Agriculture 3 

** Business '. 34 

" Manufacturing 10 

** Stud3ring, Europe and elsewhere 15 

" Travelling 4 

Occupation unknown 19 

Total 330 

Percent. 

Employed as Mining Engineers 17-27 

** *' Civil and Mechanical Engineers xS-45 

** ** Chemists and Assayers 27.27 

** " Metallurgists 6.67 

** " Geologists and Mineralogists 3.94 

*' •* Architects, Lawyers, etc 4.55 

** in Professional work, Total 75.15 

*^ *' Business and Manufacturing 13*33 

** " Studying and Travelling 5.76 

Occupations unknown 5.76 

100.00 
Degrees conferred to date, 

E.M 218 

C.E 84 

Ph.B 76 

Ph.D 28 

Total 406 

Deduct for repetitions 67 

339 

In the classification of the graduates as to employment, the j)rincip^ occupation 
only of each man is taken into consideration. Many of the mining engineers act as 
chemists, geologists, etc., and vice versa. The list is correct to May i, 1883. 

P. D» P. RICKETTS, 
Secretary Alumni Association, 



Digiti 



izedbyLjOOgle 



GRADUATES.— ALPHABETICAL LIST. 



Adams, J. M., '67 
Adams, W. J., '78 
AUen, '74 
Andresen, '81 
Aschman, '81 
Austen, '72 
Austm, '76 

Barnard, *68 

Barros, '77 
Baxter, '68 
Beard, '77 
Becbe, '80 
Bchr. '77 
Benedict, '74 
Benjamin, M., '78 
Benjamin, F. P., *8o 
Bleecker, '81 
Blossom, '69 
Blydenburgh, '78 
Booraem, '78 
Braschi, '81 
Bridgham, '67 
Brinckerhoff, '78 
Britton, '79 
Brown, '67 
Browning, '80 
Brownson, '67 
Bruckman, ^69 
Bruen, *j6 
Brugman, *8o 
Buckley, '77 
Bush, '81 

Butler, W. P., '78 
Butler, N., '80 

Cady, '77 
Caiman, '82 
Cameron, '74 
Campbell, '69 
Canfield, A. C, *77 
Canficld, F. A., '73 
Carson, '68 
Cauldwell, '77 
Chazal, '81 
Chester, '68 
Church, '67 
Churchill, '80 
Clark, '77 
Clarke, '80 
Cloud, '79 
Colby, C. E., '77 
Colby, A. L., '81 
Colton, '73 
Conant, '82 



Constant, '77 
Cooper, '82 
Cornell, '77 
Cornwall, G. R., '76 
Cornwall, H. B., ^67 
Cornwall, H. C, '79 
Courscn, '68 
Craven, '76 
Crocker, '82 
Cushman, '78 

Davis, '78 
De Luze, '79 
Devereux, '78 
Douglas, '81 
Downes, '82 
Downing, '78 
Downs, '82 
Drummond, '78 
Dunham, '81 

Eastwick, '79 
Elliott, W. G.. '78 
Elliott, Wm., '80 
EUiott, A H., '81 
Emrich, '82 
Engel, '80 

Fales, '71 
Falk, '82 
Femekes, '78 
Feuchtwanger, '82 
Fitch, '82 
Floyd, '77 
Foote, '76 
Francke, '80 
Furman, '81 

Garlichs, '80 
Garrison, '76 
Geer, '68 
Giddings, '67 
Going, '82 
Goldschmidt, '71 
Gordon, '71 
Gracie, '67 
Gratacap, '76 
Greene, '80 
Greenleaf, '80 
Griswold, '81 

Haas, '78 
Haffen, '79 
Haight, '70 
Hale, '67 



Hall, '76, 
Hallock, '80 
Hamilton, '76 
Hanna, '68 ' 
Harker, '79 
Harmer, '67 
Hasegawa, '78 
Hathaway, '79 
Heath, '67 
Helleberg, '77 
Hemmer, '81 
Hendricks, *8o 
HUdreth, '77 
Hill. '82 
Hodges, '78 
Holbrook, '76 
Holden, '78 
Hollerith, '79 
HoUick, '79 
Hollis, '78 
Hooker, '69 
Hooper, '80 
Hopke, '80 
Hoyt, '76 
Hudson, '80 
Hunt, '76 
Hutton, '76 

IHLSING, M. C, '75 
Ihlsing, A. O., '77 
lies, '75 
Illig. '82 
Ingersoll, '70 
Irving, '69 

Jackson, '75 
tenney, W. P., '69 
Jenney, F. B., '72 
Johnson, E. M., '78 
Johnson, G. H., '78 
Johnson, I. B., '79 
Johnston, '79 
Jordao, '77 
Joiiet, '82 

Joy, '75 
Judd, '81 

Karr, »78 
Kelley, '77 
King, '76 
Klepetko, '80 
Knapp, '70 
Koch, '79 
Kunhardt, '80 
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Lamson, *75 
Lawrence, '78 
Leary, *8i 
Leavens, '75 
Le B6utiUier, '81 
Ledoux, '81 
Le^gctt, '79 
LiUenthal, '7 1 
Lillie, '74 
Lindsley, '70 
Little, ^81 
Lord, '76 
Love, '76 
Ludlow, *79 
Lyman, '78 

Mackintosh, '77 
MacMartln, '68 
Macy, *7S 
Maghee, '76 
Marsh, '79 
Mathis, '79 
Matsui, '78 
Mattison, '80 
Mayer, '79 
McCulloh, '78 
McDowell, '72 
Meissner, '80 
Merritt, '80 
Merwin, '79 
Mesa, '82 
Meserole, '81 
MiUiken, '79 
Moffatt, '68 
Morewood, H. F., '76 
More wood, G. B., '78 
Morris, '78 
Moses, '82 
Mott, '73 

Munroe, H. S., '69 
Munroe, O. M., '79 
■Munsell, '78 
Murphy, J. G., '77 
Murphy, H. M., '78 
Murray, '74 

Nambu, '78 
Navarro, '80 
Neftel, '79 
Nesmith, '79 
Nettre, '69 
Newb«rry, '78 
Newton, '69 
Neyman, *8i 
Nichols, '77 
Noble, »79 
Norris, '77 
Noyes, W. S. 



'75 



Noyes, J. A., '78 

O'Connor, M. J., *8i 
O'Connor, T. D., '81 
O' Grady, '76 
Olcott, '74 
Olmstead, '78 



Oothout, *82 
Owen, '78 

Page, '82 
Palmer, '78 
Parker, R. A., '78 
Parker, A. McC^ '80 
Parks, '80 
Parrot, '70 
Parsons, G. H., '68 
Parsons, W. B., '82 
Payne, '82 
Pazos, '78 
Perry. '78 
Pfister, '75 
Pistor, '68 
Pitkin, '81 
Piatt, '68 
Pool, '75 
Porter, '82 
Potter, '60 
Powers, '82 
Priest, '77 
Putnam, '75 

Radford, '77 
Randolph, J. C. F., '69 
Randolph, J. Fitz, '76 
Rajrmer, '81 
Reed, S. A., '77 
Reed, W. B. S., '79 
Rees, B. F., '74 
Rees, J. K., '75 
Rhodes, F. B., '74 
Rhodes, R. D., '79 
Richmond, '81 
Ricketts, '71 
Riggs, »7i 
Roberts, G. S., '71 
Roberts, A. C, '81 
Robertson, K., '68 
Robertson, R. S., '71 
Robinson, '80 
Rogers, '77 
Rolker, '75 
Ross, '76 
Russell, '75 
Rutherford, '79 
Ruttman, '80 

Sage, '77 
Sands, '82 
Sawyer, '81 
Schermerhom, '68 
Schneider, '76 
Shack, '68 
Share, '81 
Sheldon, '70 
Shumway, ^2 
Singer, G. H., '80 
Singer, G., '80 
Sloane, '72 
Smalley, '80 
Smeaton, '77 



Smith, W. A., '68 
Smith, L., '68 
Smith, M., '80 
Smythe, '77 
Stallknecht, '68 
Starr, C. D., '81 
Starr, H. F., '79 
Staunton, '82 
Steams, '81 
Stewart, '75 
Stockwell, '82 
Stone, '79 
Strieby, '78 
Suydam, '79 
Swain, '81 

Terhune, '70 
Thacher, '77 
Thompson, '75 
Tilden, '76 
TonneKf, '80 
Torrey, '80 
Tou<nr, '82 
Traphagen, 'S2 
Tucker, '75 
Tuttle. W. W., '67 
Tuttle, E. G., '81 

Van Arsdale, *68 
Van Blarcom, '76 
Van Boskerck, '77 
Van Lennep, '67 
Van Sinderen, '81 
Van Wagenen, '70 
Vondy, '82 
Vult<5, '81 

Wainwright, '82 
Walbridge, '76 
Walker, '80 
Waller, ^70 
Wanier,*'82 
Ward, '82 
Wardlaw, '76 
Waterbury, '77 
Webb, '73 
Wells, '75 
W^dt, '72 
Wetmore, '75 
Wheeler, M. D., '68 
Wheeler,^. A., '80 
White, '82 
Wiechmann, '81 
WilUams, J. T., '73 
Williams, F. H., ^4 
WiUiams, G. W., '79 
WiUiams, W. W., '81 
Waiis, '78 
WUson, H. M., '81 
WUson, W. A., '82 
Wittmack, '82 
Wright, '75 

Young, '82 
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Abt^s railway, 62 

After-blow, the, 144 

Air, compressed, drills, 121 ; locks, ^ 

Air and steam in an engine-qrlinder, 42 

Alabama iron and coal resources, 225 

Alkalies in argentic nitrate, to detect and 

separate, 52 
Aluminium, manufacture of, 239 
Amber, adulteration of, 2^9 
American Institute of Minmg Engineers, 

Boston meeting, 225 
Analysis of gases, 322 
Andover Iron Co., 119 
Anthracite mining, 100 
Antimony, volumetric determination of, 

54 ; tin in presence of, 54 
Arsenic, estimatbn of, 53 
Automatic coal dump, 106, 109; jigs, | 

204 1 

Balch, S. W., method of working thick \ 

deposits of iron ore, 98 
"Barney," 106 ; barney-pit, 106 
Base lines, apparatus for measuring, 231 
Basic-Bessemer process, 141 ; basic or 

phosphoric pig, 142 ; bricks, 143 ; 

additions, 144 
Batopilas, treatment of silver ores at, 63 
*« Battery," 102 
Batteries, stamp, 30 
Bayles, J. C, on microscopic analysis of 

structure of iron and steel, 225 
Berlin Stadtbahn, some notes upon, 9; 

map of, II 
Bethlehem Iron Co., 119 
Birmingham coal industry, 225 
Bismuth, volumetric determination of, 54 
Blake, ProC W. P., metallurgy of nickel 

in the United States, 226 
Blast furnace, cure for chills in, 226 ; 

martel, 126 ; slag used for cement, 

238 
Blowing engines versus fans, 237 
Blue process for printing, 240 
Boston, seweiage system of, 227 
Bower, Mr., on process for producing 

rustless iron, 227 
Bread-baking furnaces, 246 
Breasts, coal, loi, 102 
Bridges — Berlin railway, 12 
Brink disint^rator, 309 
Building-stone surfaces, 270 et seq. 
Burette for gas analysis, 322 



Cable roads, 146 

Cadmium, estimation of, 53 

Cahawba coal field, 225 

Caissons for subaqueous tunnelling, 97 

California quicksilver deposits, 294 

Carbo-hydrate from cast-iron, 239 

Carbon and silicon in iron and steel, es- 
timation of, 52 

Carbonate mine, ore concentration at, 3 

Carbonic acid, action on iron, 227 

Cars used at Drift on. Pa., 103 

Carson excavator, 228 

Caustic alkali in presence of carbonate, 
to estimate, 52 

Cement of blast-furnace slag, 238 

Cheever, Mass., iron mine, 98 

Chemistry, notes on, 238 

Chlorine, gravimetric estimation of, 51; 
indirect estimation of, ji 

Chromic acid in potassic dichromate, 52 

Chromium, estimation of, 53 ; examina- 
tion off iron ores containing, 53 

Chutes for coal, loi, 102, 103; in iron 
veins, 114, 115, 118 

City surveying, 138 

Classification of ores by sizing, 181 ; hy- 
draulic, 312 

Cleaning coal by an air-blast, 59 ; ores, 182 

Cleveland mine, treatment of copper ore 
at, 224 

Creosote for timber, 232 

Crucible method for lead, new, 50 

Crushing machines, comparison of, 309 ; 
sizes produced in, 310 ; new forms of 
apparatus, 306 

Coal, formation of, 169 

Coal gas, 239 

Coal, handling of, in anthracite mmes of 
Pennsylvania, 100 ; breasts, loi ; pil- 
lars, loi ; methods of bringing the coal 
from breast to gangway, loi, 102; 
buggy roads and supports, loi, 102; 
chutes, loi, 102, 103 ; buggies, loi ; 
•* batteries," 102 ; cars, 103 ; spraggs, 
103; locomotives, 104; method of 
distributing cars to breasts, 104; 
•* gunboat," 106 ; ** barney." 106 ; 
barney-pit, construction of, 106; 
hoist-engines, 108; tell-tales, 108; 
automatic dumps, 106, 109 
Coal and iron of Alabama, 225 
Coal mines of Pennsylvania, handling of 
coal in, 100; chutes, loi, 102, 103 
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Cobbing ores, 195 

Columns, strength of iron, 233 

Comminution of ores with stamps, 301 

Concentration of slimes, 31 j 

Copper, determination of mipurities in, 

53; cuprous in presence of cupric 

compounds, 53 ; smelting in Mexico, 

123 ; deposits of Vermont, 219 
Copper-smelting, native process of, at 

Jalisco, Mexico, 122 ; bellows, 123; 

fuel, 124; amount of product, 124; 

cost of production, 125; purity ofj 

product, 125 
Cut-off on ferry-boat Baltimore, 43 

Dams, wing, 35 

Devereux, W. B., native process of cop- j 

per-smelting in Mexico, 122 I 

Dickerson iron mine, 120 
Dingey pulverizer, 306 ' 

Disdiarge from stamper, 303 
Disinfection, instructions for, 48 
Dolomite lining, 143 

Drainage, house, 47 , 

Drainage of mines, 243 
Drifting, quick work in, 56 | 

Drills, compressed air, 121 > 

Dry concentration of ores, i ; at Przi- 1 

bram, 193 ' 

Dr3ring precipitates, apparatus for, 50 j 
Dump heaps, building on, 237 t 

Dust chambers at Ems, 245 
Dynamite, new form, 239 

Egleston, Prof. T., treatment of en- 

argite, 5 
Elasticity, limit of, in columns, 235 
Elliott, A. H., gas analysis, 322 
Ely copper mine, Vermont, 210 
Employment bureau of Alumm, 249 
Ems, treatment of slimes at, 320 
Enargite, treatment of, 5 
Engines, blowing, versus fans, 237 
English system of discharging concen- 
trates, 207 
Eureka silver district, survey of, 294 
Excavator, the Carson, 228 
Explosion burette for gas analysis, ^22 
Explosives, underground storage o^ 56 ; 
new explosives, 239 

Faculty, changes in the, 64 
Fans versus blowing engmes, 237 
Faults, or throws, 115, 119 1 

Feeding oftrammels, 191 ; of stamps, 301 { 
Fellowships in Chemic^ Department of' 

School of Mmes, 248 ' 

Ferrer, Carlos F,, on signal tripods ofj 

New York State survey, 277 
Ferro-silicon, the use of, 144 j 

** Float " mineral, losses by, 314 ^ 

Flour dust, explosion of, at Camp Spring 

mill in St. Louis, 149 
Flue dust at Ems, 245 
Flux, pulp mill waste as, 141 | 



Ford mine, 113 

Forest of Dean iron mine, 1 18 

Formulas for iron columns, 234 

Frazer, Dr. P., eozoic, etc., in South 

Wales, 229 
Fresenius on. elaborate examination of 

commercial copper, 54 
Fuel, patent, 240 

Furnace, hiartel blast, 126 ; for bread- 
baking, 246; smelting, 133; water- 
jacketed, 120 
Furnace, use of petroleum in, 227 
Furnaces for copper, shaft versus rever- 
beratory, 134 

Gallium from zinc and ferrous oxide, to 
separate, 54 

Gangways in coal mines, 100 

Gas analysis, explosion burette for, 322 

Gas, purification of coal, 239 

Geodetic survey of coast and interior, 290 

Geological survey of U. S., 284 

Geyer, concentrator for slimes, 321 

Glaciai deposits, survey of, 295 

Glendon Iron Co., 119 

Glycerine adulteration, 239 

Gold, ♦' float," 314 

Graduates, changes Among, 71 ^ location 
of, 71, 156, 249, 341; hst of, by 
classes, 72, 158, 250, 342 ; alphabet- 
ical list of, 83', 263, 354 

Gravity coal piers at Hoboken, 62 

Gravity roads in coal mines, 105 

Great Basin, survey of, 294 

Greenleaf, James L., on Ritter^s method 
of moments, 85 

Guides in shafts, 242 

** Gunboat." 106 

Hand-picking ores, 193 

Handling of ores, shaft chamber, 242 

Haulage, underground, in Pennsylvania, 
103 ; in Prussian mines, 243 

Heberle mill for ore-grinding, 307; at 
Przibram, 308 

Hematite, mining of large deposits, 98 

Hibemia iron mines, 119 

Hill, A. F., treatment of steel, anneal- 
ing with oil, 228 

Hoisting engine, a new compound, 43; 
hoisting engines in Pennsylvania, 108 

House' drainage, how to examine, 47 

Howe, H. M., cure for blast-furnace 
chills, 226 

Hudson River tunnel, 90; method em- 
ployed on Jersey City side, 91, 92 ; 
material excavated, 91 ; rate of 
' progress, 91, 94; dimensions, 92; 
method of working in unsafe ground, 
93 ; bulkheads, 93 ; air-]o<£s, 94 ; 
air-pressure and its effects upon men, 
94; difficulties on the New York 
side, 94, 95 ; method of putting up 
brick-work, 95, 96 ; flow of water, 
how checked, 95 ; use of iron 8heU» 
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« 95, 96; use of electric light, 96; 

Gen. W. Sooy Smith's proposed 

plan, 97 
Huebner disintegrator, 309 
Hunt, Dr. T. S., on coal and iron of 

Alabama, 225 
Hnrd mine, 119 

Hydraulic sorting of screen-sized ores, 298 
Hydraulic wedges, 54 

Improvement of Wisconsin and Fox 

rivers, 30 
Iron at Pittsburg, on the inspection of, 

45 

Iron and steel, microscopic analysis of 
structure of, 225 

Iron and steel, test-board for, 42 

Iron and zinc, relative expansion, 231 

Iron columns, strength of, 233 

Iron mine, Cheever, 98 

Iron mines of New Jersey, 1 1 1 ; extent of 
deposits. III, H2 ; history, 112, 
113; production, 113; methods of 
prospecting, 113; faults, 115, 119; 
horses, 115, 116; *' shoots and 
squeezes," 114, 115, 118; stoping, 
121 ; compressed air drills, 121 ; 
Ford mine, 113; Mount Hope 
mines, 114, 115, 116; Hibemia 
mines, 119; Hurd mine, 119; 
Dickerson mine, I20 

Iron mining, 98 

Iron, process for producing rustless, 227 

Iron resources of Alabama, 225 

Iron roofing for underground chamber, 
242 ; rods for roof-laths, 58 

Iron, rustless, 227 

Iron works, 227 

Irving, R. D., the United States geolo- 
gical survey, 284 



Jigging of ores, 203 

KuNHARDT, W. B., on ore-dressing in 

Europe, 179, 298 
Kyan process for timber, 233 

Labyrinth for classification of slimes, 

314 

Lake survey. United States, 229 ; meas- 
urement of bases for, 230 

Lead purifying, 130 

Lead, to detect small amounts of silver 
in, 54 

Library, books added to, 66 

Lightning, injuries and fires from, 237 

Losses due to "float," 314 

Loss in slimes at Ems, 320 

Luzon process for copper ores, 6 

Macadam pavement, 236 
Machine drills, 55 

Magnetic oxide of iron, prevents rust, 227 
Mansfield coal mine, longwall working 
at the, 56 



! Maps of the geological survey of the 

I United States, 296 

I Measurement of base lines, 231 

I Mechanical Engineers, the American So- 

I ciety of, Philadelphia meeting, 42 ; 

New York meeting, 43 
' Metallurgy notes, 244 

Method of working thick deposits of iron 
ore, 98 ; gangways, how driven, 99 

Mexican process for the treatment of 
i silver-lead ores, 133 

Mexican process of copper-smelting, 

122 
! Mining tools, 54 ; drills, 55 , 

Mines of Prussia, experiments and im- 
' provements during 1881 in, 54 

Mineral wool, corrosive action of, 42 

Mining of anthracite, Pennsylvania, 100 

Mining of iron ore in New Jersey, 121 

Mining of thick deposits of hematite, 
I 98 

Monuments for surveys, 229. 280 
, Mount Hope iron mines, 114, 115, 116 

Murray, Marcus, stone-cutter, 266 

Newberry, Prof. J. S. Dry Concen- 
tration of Ores, I ; Physical Condi- 
tions of the formation of Coal, 169 
Nickel, metallurgy of, in the United 

States, 53, 226 
Nickel and cobalt, to separate, 53 
I Nitroglycerine,. 15 
Nitrosaccharose, 17 
I Norway iron works, 227 

Ore-dressing m Europe, present aspect 

of, 179, 298 
Ores, treatment of, at Przibram, 127 
Otsego Lake, survey of, by School of 

Mines students, 277, 281 
Ozone reactions, 174 

Pattisonnage, scheme of, 130 
Pavements of streets, 236 
Plateway, Lancashire, 144 
Platinum, specific heat of, 42 
Percolation of water through sand, 148 
Petroleimi in puddling and reheating fur- 
naces, 227 
Petroleum for blast-furnace chills, 226 
Peppermint test, the, 48 
Permanent way, laying a, 61 
Phoenix columns, 233 ; breaking load, 

235 

Phosphoric acid, volumetric determina- 
tion of, 51 

Phosphorus in wood charcoal, 238 

Physical conditions under which coal was 
formed, 169 

Pillar robbing, 99 ; in coal mines, loi 
I Pillar working in thick coal beds, 56 

Pipe-surface, calculation of, 42 

Pneumatic stamps, 304 

Porter- Allen engine shaft, 42 

Pottsville, Pa., mine shaft, 108 
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Powell, F., on handling coal in anthra- 
cite mines of Pennsylvania, 100 
Prospecting for iron, methods of, 113 
Prussian base at Grottingen, 230 
Prussian mines, improvements in, 241 
Przibram, desilverization of lead at, 63 
Przibram, stamp battery at, 304 
Publication of the United States geolo- 
gical survey, 297 
Pud(Uing furnace, 227 
Pulp mill waste as flux, 141 
Pulp slime, difficulties of treatment, 305 
Pulsomcters in mines, 243 
Pulverizer, the Dingey, 306 
Pump, double-acting plunger, 242 ; cast- 
ings strengthened, 243 
Pumps, mine, 243 
Pundi for rails, 228 

Quicksilver deposits of California, 294 

Rail-cambering devices, 43 
Rails for mine timber, 242 
Railroad location surveys, 139 
Railroad rolling-stock, uniformity in, 145 
Rammed bottoms and linings, 143 
Refuge for miners, places of, 244 
Reheating furnace, 227 
Richards, Prof. R. H., on changes in 
structure of ingots of block tin, 226 ; 
explosive pressures in cylinders, 228 
Ridsdale, T. W., on handling of coal, lOO 
Ritter*s method of moments, 85 ; his ar- 
bitrary assumption, 86 ; keystone of 
method, 88 ; use of signs, 88, 89 ; 
general rule, 89 
Rittinger tables at Schemnitz, 317 
River and harbor surveys, notes on, 23 
Rock-breaking, ore-dressing, 185 
Rock-filled deposits, methc^ of working, 

56 
Roll-crushing, 198 
Roller mill, the Schranz, 309 
Rolling-mill for copper, Mexico, 1 25 
Rolling-stock, 145 
Rolls for ore-crushing, 200 
Rotating picking-tables, 19 j 
Runs, for classification of dimes, 314 

Sand-glass, five-minute, 55 
Schemnitz, treatment of ^imes at, 301, 

3>7 

Schranz roller mill, the, 309 

Self-acting planes in coal mines, 105 

Sewerage of Boston, 227 

Shaft linings of iron, 241 ; Pottsville, 108 

Shaft furnaces vs. reverberatory furnaces 
for copper-smelting, 134 

Shaft, loading chamber in, 242 

Shaking riddles for sizing, 188 

"Shoots and squeezes" in iron veins, 
114, 115, 118 

Signal tripods for trigonometrical stations 
of New York State survey, 277 ; con- 
struction of, 277, 278 ; signal cone, 



278 ; monuments, 280 ; reference* 
points, 281 ; observing poles, 283 

Silt, method of tunnelling in, 93 

Silver-lead ores, treatment of, at Przibram 
in 1881, 127 

Silver, metallurgy of, 130 ; detection in 
small quantities in lead, 54 ; ores at 
Batopilas, treatment, 63 ; Mexican 
process for, 133 ; works at Ems, 244 ; 
separation from alloys, 238 

Sizes of ore produced in crushing, com- 
parison of the Schranz miU and 
stamp, 310 

Sizmgores, 181, 186 ; silver, 191 ; drums, 
189 

Slags, 127 ; for cement, 238 

Slimes, classification and concentration 
of, 313 

Slime-dressing, 300 

Slow return of piston jig, 213 

Smith, Gen. W. Sooy, proposed plan for 
Hudson River tunnel, 97 

Soda-compounds, estimation of, 52 

Sorting, hydraulic, 298 

Soundings, river and harbor, 26 

Spalling ores, 183 

Spitzkasten and spitzlutte, 315, 318 

Spitzlutte at Schemnitz, 318 

** Spraggs," 103 

Stamps for fine crushing, 301 ; at Przi- 
bram, 304 ; pneumatic, 304 

Stay-battery vs. plain screen, 320 

Steam engine indicator, 43 

Steam heating, 147 ; covering for pipes, 

243 . , 

Steel, 225 ; basic-Bessemer process, 141 ; 
shop-treatment of structural, 228 

Stone-cutting, 265 ; materials and tools 
employ^, 266, 267 ; tools for hard 
stone, 267 ; tools for soft stone, 267 ; 
method of squaring irregular blocks, 
268; cutting granite surfaces, 270; 
free-stone surfaces, 271 ; sides, 271, 
272, 273; carving tools, 276; varie- 
ties of surfaces, 272 

Strength of iron colunms, 233 

Strontium sulphate in Sicily, 238 

Students of Summer School in Mining on 
the iron mines of New Jersey, i ii 

Sulphuric acid, manufacture of, at Swan- 
sea, 127 

Sulphur in pyrites. 51 

Sundry civil bill, 290 

Survey of the Twenty-third and Twenty- 
fourth Wardsof New York City, 138 

Survey, the United States geological, 284; 
of Western States and Territories, 
289 ; coast and internal geodetic, 290; 
appropriations for, 293 ; of Colorado 
River, 294 ; Northern California and 
Oregon, 294 • of Salt Lake Desert, 
294 ; Great Basin, 294 ; Eureka sil- 
ver district, 294 ; Silver Cliff dis- 
trict, 294; quicksilver deposits of 
California, 294; glacial deposits. 
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295 ; copper-bearing rocks of I^ke 
Superior, 295 ; crystalline rocks of 
the Northwest, 295 ; maps, 296 ; 
publications, 297 

Surveying, coordinate, 136; measurement 
of base lines, 137, 229, 230, 231 ; 
signals, 139, 277 ; transit work, 135 

Surveys, river and harbor, 23, 229, 230 

Survey, New York State, 277 

Syphon separator, 299 

Te ABO iron mine, 117 

Telford pavement, 236 

Tell-tales, 108 

Testing machine, 233 

Tide-guage, 25 

Ties, preservation of railroad, 232 

Timber, preservation of, 232 

Timber, rails as substitute for, 242 

Timbering underground road in collieries, 

58 

Tin, changes in structure of Ingots of, 
226 

Tin in the presence of antimony, detec- 
tion of, 54 

Titanic acid, estimation of, 52 

Titaniferous iron ores, examination of, 51 

Titration, a new indicator for alkalimet- 
ric, 52 

Tramway, 297 

Transit work, the best system for, 135 

Transportation, underground, in Penn- 
sylvania, 103 

Tripods, signal, for State survey, 277 

Trommels, arrangement of system of, 192 . 



Trowbridge, Prof. W. P.. on stone-cut- 
ting, 265 
Tubing in a gangway, cast-iron water- 
^ tight, 57 
Tunnel, Hudson River, 90 
Tunnelling in unsafe ground, 93 

Underground loading chamber, 242 
Underground separation of ores, 181 
Ute and Ulay mines, 4 

Vanadium deposit, ink, 239 
Ventilation, 237 

Walker, A. L., on Hudson River tun- 
nel, go 
Water consumed in stamping, 303 
Water-jacketed furnaces, 126 
Water-power m mines, 242 
Water-pressure engine for pumping, 243 
Water- proof paint for textiles, 238 
Watertown arsenal testing machine, 233 
Windmill for storing electric batteries, 42 
Wisconsin and Fox rivers, improvement 
of, 30 ; form of sand-bar (plate), 31 ; 
method of improving, 32 ; wing 
dams, 35 
Wood pavement in mines, 243 
Woods, strength of American, 229 
Working steep coal breasts, 102-103 

Zinc-foil in boilers, 43 

Zinc, determination of, 52, 53 

Zinc and iron, relative expansions, 231 
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FRASER & CHALMERS' 
1 






OF THE MOST APPROVED WESTERN PATTERNS. 



COMPLETE GOLD AND SILVER MILLS. 

CONCENTRATION WORKS OP BEST GERMAN DESIGNS. 

SMELTING FURNACES, Lead or Copper. 80 of our make in use. 

CORNISH MINING PUMPS, of all sizes. 

HOISTING ENGINES from 4-hor8e power up to largest direct 

acting, for 3,000 feet depth. 
LEACHING MILLS. SAMPLING WORKS. 
HOWELL, WHITE, STETEFELDT & BRUCKNER ROASTING 

FURNACES. 
HALLIDIE WIRE ROPE TRAMWAYS. COMET ORE CRUSHER, 

Capacity up to 50 tons an hour. 
ENGINES AND BOILERS of all sizes. 
CORLISS ENGINES, and CORLISS COMPOUND ENGINES, 

Etc., Etc. 

We make nothing but Mining and Milling Machimery. 

Works : New York Office ; Colorado Office : Montana Office : 

Filtoo and Union Sts., t Wall Street, 25 Cheesman Block, Chambers Block, 

cure A GO, ILL, NEW YORK. DENVER. BUTTE CITY. 



THE FROE VANNING MACHINE, or ORE CONCENTRATOR. 




The most perfect modern appliance for treatment of Slimes of Concentration 
Works, and finely crushed material direct from Stamps or Pulverizers. Successfully 
used on ores of lead, zinc, copper, tin, antimony ; ores of grey copper, brittle and 
ruby silver and tellurides treated with best commercial results. Especially adapted 
to low grade silver ores and gold mill tailings. 

OVER 140 IN USB IN CALIFORNIA ALONE. 
I>KSCRII>XIV1C FAMCPHI^IET 01>r A FPL I CAT I ON. 



MAKERS : 

FRASER & CHALMERS, 

lUnion and Pulton Sts., 

CMcago, 111. 



WESTERN AGENTS : 

ADAMS & CARTEB, 

109 California St., 

San Francisco, cai. 



COLORADO AGENT : 

I. C. TRENT, 

45 Cheesman Block, 

Denver. 



a WALL STREET, NEW YORK CITY. 
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CHARLIER INSTITUTE. 

BOARDING AND DAY SCHOOL 

For Boys and Young Gentlemen, from 7 io 20 years old. 
108 ATTEST 59th STREET, 

ON CENTRAL PARK. 
— ♦-♦'♦ 

The Advantages Claimed for this School are : 

r. A new building, 200x54, erected purposely, with as perfect 
ventilation, drainage, and accommodations as science can 
make them to-day. 

2. Gymnasium, 50x50x26. Chapel of same size. Central Park 

for play ground.- 

3. An experience of THIRTY YEARS. 

4. Experienced Teachers, college graduates, mostly New England 

men, devofing all their time to instruction, untramelled by 
business cares, and preparing pupils thoroughly for COL- 
LEGE, BUSINESS, WEST POINT, NAVAL ACADEMY, 
or any SCIENTIFIC SCHOOL. 

5. Modern Languages, French, German and Spanish, are taught 

by native teachers, and spoken with them. 

For details y terms, etc.^ send for a prospectus of the school. 



Prof. ELIE CHARLIER, Director and Owner 
K STAGEY CHARLIER, Ass't Princip^ 
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